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GENERAL INTRODUCTION 
Explanation of Dissertation Format 
This dissertation is presented in the alternate fomiat style that is outlined in 
the Graduate College Thesis Manual, Iowa State University, Ames, lA (Revised 
ed., 1990). The dissertation consists of a general introduction followed by 
individual papers that have been prepared for submission to scholarly journals. 
Figures and tables are numbered separately in each paper. These are followed 
by an overall summary and discussion section that serves to unite the individual 
papers. The papers included in the dissertation are presented in six sections: The 
first section is a result of a research project initiated in 1986 while I was working in 
Mexico, before coming to ISU. This was a preliminary study to prepare for future, 
more detailed regeneration studies. The second section, a computer program that 
simulates overstory removal, was developed to help evaluate different overstory 
removal strategies. It represents a useful tool to design studies that involve 
overstory removal or thinning. The information used to develop this program came 
from the study presented in the first section, and the participation of Dr. Mize 
(coauthor) was very important in developing the mechanics of the computer 
program based on the information provided by the candidate. The third section is 
a comparison of four methods to kill tree species that needed to be eliminated while 
carrying out a partial overstory removal. This work was to provide a means to 
eliminate undesirable trees. Dr. Hail (coauthor) provided the initial idea to carry 
out the study. Mahogany {Swietenia macrophylla King) is the single most important 
commercial species of the forests of Quintana Roo, so the fourth section deals with 
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the effect of different levels of partial overstory removal on initial mahogany 
seedling establishment. The participation of Dr. Hall (coauthor) was very important 
to highlight some implications of the information on the management of the forests 
of the region. The fifth section is concerned with the overall growth of trees on five 
0.5 ha plots for three years after partial overstory removal. This information is very 
important because very little is known about the growth rate of tropical forests and 
tropical trees. The assistance of Dr. Mize (coauthor) in the data analysis was an 
important contribution to this paper. The last section deals with the sprouting 
capability of seventeen tropical tree species, which will be useful in the 
management of some species by coppice methods for products other than timber. 
Discussion of the results with Dr. Hall were very important for the final version of 
this section. 
All papers are a result of studies carried out in the tropical forests of 
Quintana Roo, Mexico between 1986 and 1990. All field work involved in the six 
papers was conducted, organized, and directed by the candidate. Also, the 
majority of the data manipulation and interpretation of the results was done by the 
candidate. Dr. Mize (coauthor of two of the papers) provided statistical advise for 
all six papers. Dr. Hall (coauthor of three of the papers) provided strong technical 
support, as well as, equipment, materials, and other supplies. Financial and 
logistic support to carry out the field work for all studies was provided by Mexico's 
National Institute for Research on Forestry, Agriculture, and Animal Husbandry 
(INIFAP) through the experiment station at San Felipe Bacalar, Quintana Roo. 
Partial financial support was provided by the Iowa Peace Institute and Sigma Xi, 
The Scientific Research Society. Sandoz Crop Protection Corporation supplied 
the Banvel® CST. 
3 
Ecology and Management of Mahogany {Swietenia macrophylla King) 
Regeneration in Quintana Roo, Mexico. 
introduction 
In recent years and as a result of the high rate of deforestation (11.3 million 
hectares per year) and resource degradation (USA Congress, 1984), no other 
type of vegetation has received more attention and has been the subject of greater 
concern than tropical forests. The disappearance of forest cover has a wide range 
of undesirable effects at many levels, especially ecological and socioeconomic 
(Hallsworth, 1982). Several problems are becoming very apparent as a result of 
this trend: diminished sources of products used by people, soil destabilization, 
losses of biodiversity, and, at a global level, climatic warming (Jacobs, 1931). 
Tropical forests are characterized by their complex structure and high 
species diversity (Jacobs, 1981 ). The type of tropical forest with the highest 
diversity is the tropical rain forest, which covers 7% of the Earth's surface. The 
world record for diversity comes from the tropical rain forest of the Peruvian 
Amazon, where one hectare of forest contains 600 individual trees 10 centimeters 
in diameter at breast height (dbh) or larger, representing no fewer than 300 tree 
species. In a temperate-zone forest an equivalent area contains fewer than 20 
species. Differences in animal diversity follows the same proportions (Gentry, 
1988). 
About half of the world's forests lie within the tropics (Wadsworth, 1965), 
and more than 50% of the world's population inhabit the tropics (76 nations). 
Nevertheless, deforestation of tropical land is not a recent phenomenon, in fact, in 
some areas the main loss of forests occurred in the 19th century, when forests 
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were cleared to establish plantations of export crops, such as sugar, coffee, 
indigo, and tobacco. Cuba lost 53% of its forest cover by 1900. Brazil was the 
largest sugar producer until the middle of the 17th century. In China, fire and 
cultivation have put tremendous pressure on its tropical forests for the last 1,000 
years. In dry Africa, the combination of erratic climate, brush fires, agricultural 
expansion, and cattle have degraded the dry forests for centuries. However, the 
problem of deforestation has progressed logarithmically and has lead to the 
current alamiing situation (USA Congress, 1984). 
Several factors need to be considered to identify the causes of tropical 
deforestation. In most of the tropics, sustainable forestry and agricultural practices 
have not been developed for use by rural people. In Latin America, the main 
damage done to tropical forests results from agricultural activities (Clay, 1988). 
Shifting cultivation is a common practice in the tropical regions of Mexico. The 
practice is not itself too destructive, but it becomes inefficient and destructive 
when population levels are high (Zerbe et al., 1980). In the past decades the 
strongest force behind deforestation has been produced by the establishment of 
big businesses involved with irresponsible commercial logging and export-
oriented livestock and crop production. Human settlements and industry 
associated with logging and livestock production have usually continued the 
deforestation process. The high demand for tropical products by the international 
market results in more pressure for deforestation. The European community 
absorbs 40% of the tropical wood production, while Japan absoriss 48% 
(UnmObig, 1988; Myers, 1986; Richards and Tucker, 1988). 
A number of groups have started initiatives, such as FAO (Tropica! Forestry 
Action Plan), the World Resources Institute's (Action on Tropical Forests), the 
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Dutch Tropenbos Programme, the U.S Agency for International Development (AID) 
(Hadley, 1986), to find global and comprehensive solutions. They try to support 
the actions by governments of tropical countries and private environmental groups 
to reduce forest disappearance. 
Tropical forests of Mexico 
Tropical forests are found along the coastal lowlands of some of Mexico's 
northern states. However, in the southern part of the country, especially in the 
portion situated east of the Isthmus of Tehuantepec (considered to be part of 
Central America), are the best representatives of tropical forests in terms of area 
coverage, structural and floristic complexity, and diversity. This zone, with a 
surface area of 240,000 km^, comprises the states of Chiapas, Tabasco, 
Campeche, Quintana Roo, and Yucatan. This region lies entirely within the 
intertropical belt (parallels 18° and 21° latitude north and meridians 87° and 92° 
longitude west). Due to the presence of high mountains in the area, not all forests 
are tmly tropical in nature (Rzedowski and Rzedowski, 1989). Mexico had 15.2 
million hectares of tropical forest in 1976. By 1986, the tropical forest had been 
reduced to 11.4 million hectares - a deforestation rate of 380,000 ha per year 
(Manzanilla, 1988). 
Tropical Forests of Quintana Roo 
The state of Quintana Roo is located along the eastern portion of the 
peninsula of Yucatan (southeastern part of Mexico) (Fig. 1). The peninsula 
projects northward into the gulf of Mexico as a great limestone platform joined at its 
base to the Sierras of northern Central America. The state of Quintana Roo 
comprises an area of 50,483 km^, originally was approximately 90% forested; at 
the present approximately only 30% is forested. The predominant types of soil 
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present are Rendolls (USA Soil Taxonomy) or Rendzinas (USA old classification). 
Rendolls are soils that develop on highly calcareous parent material in which the 
equilibrium organic matter-active carbonate defines the type of RendolL In this 
region these soils are, in general, shallow, with high organic matter and a pH 
close to neutral (Gonzalez,1941; Bridges, 1970; Foth and Nschafer,.1980). 
During the rainy season, slight depressions become inundated ("bajos"), forming 
gleyed soils. There are no surface streams because water moves freely into the 
underlying limestone, forming sinkholes (Stringfisld and LeGrand, 1974). The 
climate is described as Aw, warm submoist with dry summers. The annual rainfall 
is between 1000 mm and 1200 mm, distributed unevenly (August-April) with a dry 
period of 3 to 4 months. The annual temperature mean is 26°C with a minimum of 
8°C (Tamayo,1981). 
The composition of the forest is the result of the precipitation regime and soil 
types as well as hurricanes, fires, and agriculture activities since remote times 
(Barrera and Gomez-Pompa, 1977; Edwars, 1986; Gomez-Pompa, 1987 and 
Gômez-Pompa et al.,1987). The vegetation in this region is classified as tropical 
dry forest formation (Holdridge, 1947), "selvas subperennifolias" (Pennington and 
Sanjkhan, 1968) or tropical semi-evergreen forest (Rzedowski and Rzedowski, 
1989). A quarter to a half of the tree species lose their leaves during the dry 
season. The most abundant tall trees are white ramon {Brosimum alicastrum) and 
chicozapote {Manilkara zapota). In this type of forest mahogany 
{Swietenia macrophylla King) reaches its optimum natural development (Lamb, 
1966; Pennington and Samkhan, 1968). More detailed information about the 
vegetation of Quintana Roo is found in Standley (1930), the Carnegie 
Institution of Washington (1936 & 1940), Sousa and Cabrera (1983), and 
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Study areas ^ X-Hazil • 
San Felipe 
Chetumal * 
Belize] 
Guatemala 
Mexico 
Figure 1. Map of the state of Quintana Rop showing study areas 
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Rzedowski and Rzedowski (1989). 
$wiçtçnis msçrQphyll^ King 
Ecology Mahogany is a tree of the forests of tropical America. 
Centuries ago its wood was established as a standard of quality for many uses of 
wood (Lamb, 1959). It has a wind-dispersed diasporé and it is shade intolerant 
(Budowski, 1965; Alvarenga, 1988). It is not abundant, being only a very small 
percentage of the trees present in this type of forest. Mahogany shows great 
plasticity; it is adaptable to a considerable range of ecological conditions. It grows 
in soils that range from highly acid, poorly drained depressions to the well drained 
alkaline soils of the uplands. Its maximum development, however, is reached in 
deep, well drained, alkaline to neutral, fertile soils with abundant moisture during 
most 0: the year. Lamb (1966) describes mahogany as a late successional 
species, but it would better be described as semiearly successional, because it is 
intolerant to shade. Dense shade and root competition are unfavorable for the 
reproduction of mahogany. It maintains Its presence only in openings made in the 
canopy by falling trees or as a result of changes in light conditions on the ground 
caused by fire, strong wind (hurricanes), or clearing for agriculture (Lamb, 1966). 
As a seedling, mahogany can not take full sun; however, seedlings can survive 
under medium shade for some time and respond rapidly to a canopy opening 
(Stevenson, 1927). 
Mahogany trade Although mahogany was used extensively in pre-
Columbian times, the first recorded use of mahogany by the Spaniards was in 
1514. The earliest imports of mahogany into England are reported to have 
happened late during the sixteenth century. France had no West Indian colonies 
9 
until 1697 when Haiti was claimed, so French mahogany furniture appeared at the 
beginning of the seventeenth century. Mahogany reached North American 
colonies before the end of the seventeenth century (Lamb, 1966). 
In tropical America, mahogany is essentially the only commercial species, 
and it has been heavily extracted. A large export trade took place during the 
1920's. By then it was already difficult to get the wood out of the forest because 
few trees could be found near rivers (Southern Lumberman, 1925). Presently, 
because of the high harvesting rate and lack of regeneration, one to two 
mahogany trees are found per hectare (Snook, 1989). 
Mahoqanv regeneration People have attempted to manage tropical 
forests for continuous production of mahogany, and many studies have been 
conducted on its regeneration (Stevenson, 1927; Holdridge, 1940; Wadsworth, 
1947; Gordon, 1960). In some cases, the management of natural stands was 
oriented towards the reduction of complexity, transforming vegetation to more 
homogeneous or pure stands (Lamb,1966). This approach has failed in most 
cases because of its high cost and/or attack during the seedling and sapling 
stages by the mahogany shoot borer {Hypsipyla grandella) (Gutierrez, 1951 ; 
Lamb, 1966). In Quintana Roo, Mexico, the management of natural mahogany-
producing forests has consisted of controlling cutting by setting a minimum 
diameter cutting limit for merchantable trees (Lamb, 1966). 
To date, a system to regenerate mahogany in the tropical forests of this 
region of Mexico has not been developed. Because mahogany is a light 
demanding tree species, its survival and growth depend on the amount of light that 
filters through the upper canopy (Lamb, 1966). Insuring the supply of seeds and 
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increasing the light at the ground level, through overstory removal, can be 
beneficial to regenerate mahogany. 
The papers presented in this document are concerned with developing the 
information necessary to initiate mahogany regeneration. This is very important 
because the value of the forest depends on the number of mahogany trees 
present. When mahogany trees become rare or disappear from forest stands, the 
tendency is to transform them to another type of use. At the current rate of 
extraction, mahogany could be almost eliminated from this tropical forest in less 
than 30 years. If regeneration can be obtained, however, the forests are far more 
likely to be conserved in the long term because the residents of the forest would 
realize that the forest can be economically valuable. 
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SECTION I. EFFECTS OF PARTIAL OVERSTORY 
REMOVAL ON THE NATURAL 
REGENERATION OF A TROPICAL 
FOREST IN QUINTANA BOO, MEXICO 
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Effects of partial overstory removal on the natural regeneration of 
a tropical forest in Quintana Roo, Mexico 
Patricia Negreros-Castillo 
Department of Forestry, Iowa State University, Ames, Iowa 50011 USA 
Paper prepared for submission to Forest Ecology and Management. 
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ABSTRACT 
In a tropica! semi-evergreen forest of Quintana Roo, Mexico, a study was 
conducted to observe the effects of partial overstory removal (multiple gaps) on 
natural regeneration, with special attention to commercially valuable tree species. 
Five 0.5 ha plots were subjected to different levels of overstory removal (0%, 8%, 
28%, 45%, and 55%). The 0.5 ha plots were subdivided into subplots of 100 m^ 
(10 m X 10 m). Because it was difficult to homogeneously apply the overstory 
removal, in the subplots the levels of overstory removal went from 0% to 94%. 
Regeneration for all species, commercial species (tolerant and intolerant) was 
compared to the percent of basal area removed in the subplots. The regeneration 
population in 1986 was about the same as the regeneration population of 1989. 
The majority of the species seem to be tolerant; however, most of the commercial 
species are intolerant. Frequency of intolerant species increased as the percent of 
basal area increased. 
Key words: Mexico, Quintana Roo, tropical forest, mahogany, regeneration, gaps, 
overstory removal, management. 
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INTRODUCTION 
Regeneration of tropical forests is not simple; it has been and still is one of 
the greatest challenges to tropical foresters (Wadsworth, 1965). Tropical forests 
(with very few exceptions) are characterized by complex mixtures of hundreds of 
tree species, of which the commercially usable species represent only a very small 
percentage (Foggie, 1960). Foresters have attempted to improve on the natural 
regeneration process by adjusting species composition to increase growth and 
maximize volume of valuable species per unit area of land (Fox, 1976). 
In the tropical forests of Quintana Roo, as in most of the world's tropical 
forests, some species are common in the canopy but are not abundant or are very 
rare in the understory. Often, it is these species that have the greatest commercial 
value, such as mahogany {Swietenia macrophylla ) and cedar {Cedrella odorata ) 
in Quintana Roo. These species are unable to germinate or grow in even light 
forest shade (Swaine and Hall, 1988). Their presence must indicate past canopy 
gaps in which they established (Brokaw, 1980). The role of gaps has been very 
thoroughly described and recognized as one process by which forests of both 
temperate and tropical latitude regenerate without human intervention (Richards, 
1952; Whitmore, 1978; Oldeman 1978; Devoe, 1989). Among gaps, the 
microenvironmental characteristics underneath them varies; furthermore, they are 
not even uniform within a given gap (Devoe, 1989). These differences are a result 
of the intensity and nature of the disturbance force that created them, area affected, 
site vegetation composition, nature of surrounding vegetation (potential 
colonizers), and microenvironmental factors (Brokaw, 1980). Non-gap areas 
are,however, as heterogeneous as gaps. Canopies vary in several features: 
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composition, location above the forest floor, thickness, and foliage density. In 
addition, they are interwoven with openings (gaps) of a wide range of sizes, from a 
few square centimeters to a hectare or more (Peralta, 1989). Thus, species will 
colonize a continuum of light levels or canopy closures created by the gap no-gap 
interactions according their habitat requirements (Gill, 1978). Mahogany seems to 
be a species that establishes under some favorable light levels present in this 
continuum, since mahogany can not take full sun as a seedling (Stevenson, 1927). 
The number of gaps present in a given canopy will affect its closure and, as a 
result, the continuum of light levels. The question is then to find the range of 
number of gaps that would produce the light levels under which the regeneration of 
desirable species, specially mahogany, can be successfully achieved. 
It appears that there are two elements that must be jointly managed in order 
to increase the natural regeneration of some commercially valuable species: the 
number of gaps and seed availability. In Quintana Roo, some gaps are formed 
after a typical commercial extraction. Nevertheless, the regeneration of the next 
crop can not depend on these gaps because not many are produced and the area 
affected by them is very small compared with the area harvested. Furthermore, 
harvesting is done during the period before seeds have been released, so even if 
enough gaps were created for regeneration of mahogany and cedar, there would 
not be seed of desirable tree species for colonization. Accordingly, the 
regeneration of these valuable species is in no way ensured by this practice. 
The work reported here is a study to determine the regeneration resulting 
from an overstory removal (multiple induced gaps), with special attention to 
commercial and potentially commercial species. 
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METHODS AND PROCEDURES 
In the community of X-Hazil (Identified in the general introduction section), 
located near the center of the state of Quintana Roo, an area of semi-evergreen 
forest (Rzedowski and Rzedowski, 1989) that had not been disturbed for at least 
the last forty years was selected to do this study. The study was initiated in 1986, 
the same year that a commercial harvest was done in the area. One plot was 
established in the harvested area, and four plots were situated in undisturbed 
forest (Fig. 1 ). 
The dimensions of each plot were 50 m x 100 m (0.5 ha). To facilitate 
measurements before and after the application of the treatments and the 
application of the treatments themselves, each plot was subdivided into 50 
subplots of 100 m2 (10 X 10 m) (Fig. 1 ). Because the idea was to create different 
amounts of gap area in each plot, we removed different amounts of basal area, 
evenly distributed, with the assumption that this would increase the number of 
gaps. Thus, we assumed that as more basal area was removed, more gaps were 
created. The percentages of basal area removed were 0 % (control), 8% 
(commercial harvest), 28%, 45%, and 55%. 
The major challenge, which was essentially impossible to carry out, was to 
distribute evenly the gaps in the 0.5 ha plot. The only way to achieve the objective 
was to use a map for each plot. The map was a hand made aerial representation 
of all the trees (dbh > 10 cm) with their respective crown sizes and position in the 
canopy. Figures 2a and 2b represent one of the fifty subplots in one of the large 
plots before and after treatment. All trees with commercial value were identified 
and marked, these trees were left in the stand, regardless of their condition, as a 
17 
Plot 4 
Commercial 
Plot 5 20 m 
8 % BA Removed 55% BA 
Removed 
5 m 
Plot 3 
10 m 
45% BA 
Removed 
5 m 
Plot 2 
28 % BA 
Removed 
5 m 
2 m lot 1 
100 m 0% BA 
Removed 
10 m I—50 m—I 
Figure 1. Experimental layout showing the five plots relative to each other and plot 
subdivision into 10 x10 m subplots and 2 x 1 m regeneration plots 
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(A)  
Figure 2. Subplot (10 x 10 m) before (a.) and after (b.) the overstory removal. 
Crown position in the canopy is indicated by: A (low layer >5 < 10 m), B 
(medium layer >10 < 15 m) and C (high layer > 15 m) 
IS 
seed source. To select the trees to be eliminated and reach the desirable percent 
of basal area to be removed, first all trees touching the crowns of commercially 
valuable trees were marked for elimination. Using the map as a guide, we tried to 
distribute homogeneously the other trees that needed to be removed, preferably 
canopy trees, to reach the target basal area over the whole plot area, using their 
size, height, and location as guide criteria. The cut trees were left on the site. 
All trees (diameter at breast height (dbh) >10 cm) were permanently 
numbered for a parallel study, measured for height and dbh, identified, and located 
on each plot. In the center of each subplot a 2 m^ (2 x 1 m) plot was established to 
record regeneration (Fig. 1 ). Regeneration in this study was considered to be any 
plant more than 10 cm tall but less than 10 cm dbh. Regeneration was recorded in 
1986, and then the understory vegetation was cleared with machetes. In 1989, 
three years after clearing, all new seedlings were measured in the 2 m^ plots. 
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DATA ANALYSIS 
In 1989 a total of 120 species were recorded; 100 of them were tree species. 
Twenty four of the tree species are currently commercial or have the potential to 
become commercial (Table 1). The data analysis was done on different levels. 
First, a general comparison was made between the number of seedlings present in 
1986 and 1989 for each of the five 0.5 ha plots. 
Although the distribution of the overstory removal (multiple gaps) was 
intended to be homogeneous, it was not. Thus, It was very difficult to interpret the 
effect of overstory removal on the natural regeneration, so a second level of 
analysis was made on the 10 x 10 m subplots. 
There were 246 subplots that initially had trees on them. The percent of 
basal area removed on each subplot was calculated (Table 2). Special attention 
was placed on the effect that the overstory removal had on mahogany and other 
species with current and potential commercial value (Table 1). Because there 
were few seedlings for these species, they were grouped into different categories, 
commercial species, commercial shade intolerant, and commercial shade tolerant, 
to allow analysis. Some species were analyzed individually because of their 
importance, in spite of their low number. 
The subplots were divided into categories depending upon the percent of 
basal area removed (Table 2). The average number of seedlings in each category 
and the overall average number of seedlings was calculated for all species, the 
three categories listed above, and a few individual species. The average number 
of seedlings in each category was divided by their respective overall average 
number of seedlings for all species combined, the three categories, and the few 
Table 1. Important tree species with commercial and potencial commercial value 
Common name Family Genus and species Toierance 
Amapola Bombaceae Pseudobombax ellipticum. H.B.K. Intolerant 
Boop Polygonaceae Coccoloba sp. Intolerant 
CaobaB Meliaceae Swietenia macrophylla King Intolerant 
Catalosha Cesalpinaceae Swartzia cubensis Britt. Intolerant 
ChacaB Burceraceae Bursera simaruba L. Intolerant 
Chechen^ Anacardiaceae Metopium brownei Jacq. Intolerant 
Huayancox Unknown Intolerant 
Jobillo Anacardiaceae Astronium graveolens Jacq. Intolerant 
Sakchajaha Araliaceae Dendropanax afboreus L. Intolerant 
Siricote® Bonaginaceae Cordia dodecandra D.C. Intolerant 
Tamay Flacourtiaceae Zuelania guidonia Sw. Intolerant 
Tastab Rubiaceae Guettarda combsi Intolerant 
Yaxnic Verbenaceae Vitex gaumeri Gree. Intolerant 
ChactecocB Rubiaceae Sickingia salvadorensis Stnadl. Tolerant 
Copal B Burceraceae Protium copal Engl. Tolerant 
Granadillo^ Papilonaceae Platymisçûm yucatanum Stnadl. Tolerant 
Negrito^ Simaroubaceae Simarouba glauca Tolerant 
3 Current commercial value. 
Other species have potential commercial value. 
Table 1 (continued) 
Common name Family Genus Species Toierance 
Boobchich Polygonaceae Coccoloba spicata Tolerant 
Ramon^ Moraceae Brosimun alicastrum Sw. Tolerant 
Zapotillo Sapotaceae Pouteria unilocularis Donn SW. Tolerant 
Katzin Papilonaceae Lonchocarpus rugosus Benth. Tolerant 
Kitanche Leguminosae Caesalpinea gaumeri Greenm. Tolerant 
K'anixté Sapotaceae Pouteria campechiana H.B.K. Tolerant 
Zapote Sapotaceae Manilkara zapota Tolerant 
a Current commercial value. 
Other species have potential commercial value 
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individual species. This showed the relative (percent) regeneration of the different 
species as a function of percent of basal area removed. Plots of percent 
regeneration against the percent basal area removed were made for all species 
combined, the three categories, and mahogany. A table of percent regeneration by 
percent basal area removed was made for other species. 
Table 2. Amount of basal area removed on the 10 x 10 m subplots 
Percent Basal Area 
Removed 
(Categories) 
Number of Plots 
(100 m2) 
Cumulative 
Percent 
0 69 28 
1 -15  40 44 
16-25  22 53 
26-35  21 62 
36-45  20 70 
46-55  30 82 
56-65  14 88 
66-75  19 96 
76-94  11 100 
Total 246  
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RESULTS 
Overall, there was a very small difference in the number of seedlings of all 
species that were present in 1986 and in 1989 for the five plots (Table 3). The 
basal area removed did not seem to have much effect on the amount of 
regeneration. 
Table 3. Number of seedlings of all species per hectare for each 0.5 ha plot in 
1986 (before the overstory removal) and in 1989, three years after 
treatment 
Plot 
Number 
Percent Basal 
Area Removed 
1986 
(in 100's) 
1989  
(in 100's) 
1 0 1168 808 
5 8 769 1313 
2 28 1131 1635 
3 45 1224 915 
4 55 1445 1156 
Total 5737 5827 
Figure 3 shows the response of all tree species and all the commercial 
species. For all species combined, the maximum regeneration occurs when 40% 
or less of the basal area was removed, while maximum regeneration of the 
commercial species occurs after 40 % of the basal area was removed. 
Figure 4 shows the response of the commercial intolerant species. The 
pattern for the intolerant species is very similar to the one for all the commercial 
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species. There is an increase in regeneration as the percent of basal area 
removed increases, especially after 40% basal area removed, commercial 
intolerant species against percent basal area removed. 
Figure 5 shows the response of tolerant commercial species versus 
percent of basal area removed. Tolerant species showed a pattern similar to the 
one showed by the all species as a group. Maximum regeneration occurs before 
40 percent overstory removal. After 40 % overstory removal there is a clear 
reduction in the number of seedlings. 
There were enough mahogany seedlings to allow an evaluation of it alone 
(Figure 6). There appears to be a sharp increase in regeneration of mahogany 
when the percent basal area removed goes from 40 to 60 %. 
Other species were also analyzed individually and the results are 
presented in table 4. 
0  8  20  30  40  50  60  70  80  90  
Percent Basal Area Removed 
Figure 5. Percent of overall average number of seedlings of all tree species and 
of commercial tolerant species against percent basal area removed 
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Table 4. Percent of overall average number of seedlings for some individual tree 
species and lianas by percent basal area removed 
Percent of overall average number of 
seedlings per plot for category and percent of 
basal area removed 
% BA Number Lianas Laurelillo Zapote Chechem Guayabillo 
Removed of plots 
0 69 24 66 117 22 93 
8 40 60 55 117 88 93 
20 22 156 81 117 132 193 
30 21 114 52 78 88 100 
40 20 110 56 39 264 73 
50 30 84 41 39 88 66 
60 14 120 52 78 88 126 
70 19 36 44 117 220 80 
80 11 87 29 78 132 83 
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Figures 7a and 7b illustrate the overall response of two tree species with 
different ecological strategies: copal {Protium copal ) a tolerant species, and 
tamay {Zuelania guidonia), an intolerant species. The number of copal seedlings 
was smaller in 1989 than in 1986. Tamay showed the opposite pattern, the 
population increases as the percent of basal area removed increased. 
u 
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• 1989 
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Figure 7a. Comparison of the population of a {Protium copa/)tolerant tree species 
in 1986 and 1989 for each of the five 0.5 ha plots. The number in the top 
of each bars indicates the plot number 
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guidonia) in 1986 and 1989 for each of the five 0.5 ha plots. The 
number in the top of each bars indicates the plot number 
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DISCUSSION 
The results of this study show very general trends of how the tree species of 
this forest responded to different levels of canopy removal (different amounts of 
gaps). Overall, the total number of seedlings present in 1986 was not very different 
from the number present in 1989. However, the analysis of the 10 x 10 m subplots 
showed a clearer picture of the response of the commercial, tolerant and intolerant 
species. Intolerant species increased as percent of basal area removed increased. 
The fact that the regeneration of the tolerant species was very similar to the overall 
response (all species fig 3) seems to indicate that the majority of the species 
present in this forest are tolerant species. However, the number of intolerant 
species analyzed was small and more study of the tolerant species of this forest is 
needed. 
One result of this study is that the number of seedlings of the commercial 
species increased from 3760/ha to 5160/ha, although they still do not represent a 
very high percent (1%) of the whole seedling population. Opening the canopy 
seems to increase regeneration of the intolerant commercial species. But if the 
canopy is not opened, tolerant species will reproduce easily. Because the 
commercial harvesting system presently used does not create large numbers of 
gaps, it seems to favor the regeneration and growth of tolerant tree species. These 
tree species have a potential value but not a current one, especially due to the lack 
of technological knowledge. Mahogany is durable and easily worked, thus it has 
been the single most important tropical wood from the tropical dry forests of Mexico 
and Central America. Nevertheless, after more than 250 years of heavy cutting, the 
abundance of mahogany has been seriously reduced (Lamb, 1966). Thus, the 
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forest industry of the region has started to use some other species; however, the 
majority of the newly selected species tend to be shade intolerant (low specific 
gravity). As a consequence, the need for overstory removal to increase the 
understory light levels is going to be even more important to try to regenerate 
intolerant species. 
There were several elements that probably had an effect on the species 
response to the overstory removal, but they were difficult to control. The trees that 
were cut were left on site. Many of the stumps sprouted, which resulted in more 
root competition. There was no control over the seed source, production, and 
dispersion. 
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CONCLUSIONS 
Because the economic value of the forest in Quintana Roo is directly related 
to the presence of mahogany, it is very important to promote its regeneration. This 
study indicates that the forest canopy needs to be opened, not only around the 
commercial trees but all over, in order to create space and conditions to regenerate 
the commercial species. It is difficult to evaluate the canopy closure or continuum 
of light levels created by an overstory removal. However, it seems like percent 
basal area removed can be used as an indicator of the canopy closure. 
This study, the first one of this type to have been carried out in the region, 
should be useful in designing more detailed experiments on tropical forest 
regeneration. 
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ABSTRACT 
Thinning or overstory removal has proved to be a very valuable silvicultural 
technique in temperate forest management. It has not, however, been used 
extensively in the tropics, primarily because of a lack of knowledge of the best 
thinning strategies. This is partially due to the difficulties in designing and carrying 
out studies on overstory removal or thinning in the tropics. This paper describes a 
computer program, ThinSim, that was designed to help researchers design studies 
that involve overstory removal or thinning and forest managers plan overstory 
removals by evaluating different overstory removal strategies. 
The program simulates removing trees from strip plots. There are five 
criteria under which the trees can be selected for removal. The program outputs 
information about initial and residual basal area, initial and residual crown area (in 
percent and area units), and, if height information is available, basal area and 
crown area per layer before and after the simulated thinning, A brief example of 
the use of the program and the interpretation and use of its output is included. 
Key words: Tropics, overstory, thinning simulation 
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INTRODUCTION 
Overstory removal (thinning) is a very valuable silvicultural technique in 
temperate forest management. Growth and regeneration of merchantable species 
can be enhanced by reductions in stand density (overstory removal or thinning) 
(Smith, 1986). In the tropics, unsatisfactory regeneration of commercially valuable 
species is a result of insufficient overstory removal and inadequate advanced 
regeneration (Jenkins and Chambers,1989). Overstory removal is seldom used in 
tropical forests because of a lack of information about it, and studies that involve 
overstory removal are more complex to design in tropical forests than in temperate 
forests because of the characteristics of the tropical forest, such as high diversity, 
multilayered structure, and the common characteristic that commercially desirable 
species in most tropical forests are represented by very few individuals per hectare 
(Foggie, 1960). 
Another problem commonly faced in studies of overstory removal is the 
selection of trees to be removed. Studies of overstory removal usually report the 
levels of removal and results (Ferguson and Adams, 1980; Laacke and Fiddler, 
1986; Helms and Standiford, 1985; Jenkins and Chambers, 1989) but do not report 
how trees to be removed were selected. In tropical forests, where reference points 
are very difficult to establish, a systematic method is needed to select trees to carry 
out an overstory removal. 
This paper describes ThinSim, a user-friendly, menu-driven computer program that 
was developed to help in planning and designing experiments that involve 
overstory removal and in planning regeneration harvests in tropical forests. 
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PROGRAM DESCRIPTION 
Antecedents 
During the planning of a regeneration/overstory removal study in a tropica! 
forest in Mexico, several questions arose about how to carry out the study. Among 
them; 1) How to select the trees to be eliminated, 2) How to evenly distribute the 
trees to be removed throughout the forest, and 3) How many trees need to be 
removed to achieve different levels of basal area. Also, although silvicultural 
practices are directed by technicians, they are often carried out by the inhabitants 
of the forests, who generally have little formal education or training and mostly work 
in agricultural activities. Thus, the method of tree selection had to be fairiy simple. 
Program Development 
The program was developed to help answer the questions previously listed. 
The first question, how to select the trees to be eliminated, was handled by 
incorporating five methods to select trees (listed below) into the program. Thus, the 
program could be used in a variety of conditions and allow researchers the ability 
to consider alternative selection criteria. Each one of the selection criteria will 
produce different changes in the structure of the vegetation. 
1 - remove the largest trees regardless of preference code 
2 - remove trees with lowest preference codes beginning with the largest 
diameter tree 
3 - remove trees with lowest preference codes by given height limits 
4 - remove trees with lowest preference codes by given dbh limits 
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5 - remove trees with lowest preference codes beginning with the tallest 
The second question, how to evenly distribute the trees to be removed 
throughout the forest, was approached by considering local conditions. Because of 
the density of tropical forests and other reasons, inventories in tropical forests are 
done by using strip plots. Thus, people who work in tropical forests are familiar 
with strip plots. Also, a fairiy uniform distribution of removal trees could be 
achieved if the person who cut the trees could divide the trees of the forest into 
small groups of, say, 10 trees and select a certain number of trees in each group for 
removal. Combining the strip plot technique and the idea of dividing the forest into 
small groups of trees, resulted in having ThinSim use data from strip plots and 
simply select for elimination, using the criteria previously listed, one or more trees 
from each group of ten trees that a person would encounter while moving down the 
strip. 
The last question, how many trees need to be removed to achieve different 
levels of basal area, was handled by allowing the user to specify that from one to 
nine of the trees in each group of ten could be removed and then evaluating the 
impact of the removal on stand characteristics. Thus, the user can see the change 
in basal area and other stand characteristics that result from removing from 10 to 
90% of the trees. 
Information Needed to Use ThinSim. 
ThinSim can be used to help plan experiments and decide on removal 
policies in regeneration harvests. Both situations require similar data: field data 
that must be collected in the forest being considered for overstory removal and a 
list of preferences for retaining the species that occur in the forest. The field data 
41 
needed can be collected on strip plots of any width and length. Practically, 15 m is 
probably a maximum width, and the length is unimportant so long as at least 100 
but not more than 1000 trees are in the plot. For a given forest, the program will 
accept up to ten plots with up to 1000 trees each. Selecting the location of the plots 
is up to the researcher, but randomization and replication should be considered. 
Taking 10 plots of 500 trees should give a better representation of a forest than 5 
plots of 1000 trees. 
The diameter at breast height (minimum diameter is up to the user) and 
botanical identity of each tree on a plot must be recorded in the order that each tree 
is found while moving along the plot. Recording the trees in the order they are 
found is very important because of the way the data are processed. Total height is 
an optional measurement that should be measured or estimated if the user wants 
to simulate thinning based on tree height. Also, crown diameter is an optional 
measurement that should be measured or estimated if crown area of the stand is 
desired. Crown area can also be estimated for the species if regression 
coefficients needed to estimate crown diameter as a function of tree diameter can 
be entered for each species or groups of species. Figure 1 shows an example of a 
plot and the order in which trees would be recorded for entry into ThinSim. 
A "preference code" from 1 to 10 needs to be assigned to each tree species 
to indicate the preference of retaining each species in the forest. The lower the 
number, the less preference for the species. The code can be assigned according 
to the user's criteria or needs. Relative frequency and commercial value can be 
used to determine preference codes. 
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.10 m 
Figure 1. Example of strip plot that illustrates the order that the trees 
should be measured and entered Into the program 
Results Produced by ThinSim 
Before simulating tree removal, the program will estimate the basal area and 
number of trees per unit area (hectare or acre) and calculate a diameter distribution 
for each plot and a distribution over all plots. If crown diameter is entered or can be 
estimated, crown area per unit area is also computed. 
To simulate a thin, the user selects one of the five criteria for removal and the 
number of trees to be removed. The program passes through the plot lists and 
removes trees based on what the user has specified. Upon completion, the 
program produces the following information: basal area removed (per unit area 
and as a percent), residual basal area (per unit area and as a percent), and the 
basal area (per unit area) and average height, if height was measured, for each of 
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the remaining trees species. If crown diameter was measured or can be estimated, 
it also estimates crown area (per unit area and as a percent). 
The user can plot the results against the number of trees eliminated from 
each group of ten. The plots will help the user determine which of the criteria and 
removal levels will achieve the desired results. 
The program simulates the thinning as if the people in charge of the field 
work move along strips ten meters (or 15 m) wide, with no length limitations. The 
concept is that a visual control of the forest on strips of about ten meters is possible. 
Thus, the people in charge can count the first group of ten trees and select the trees 
to cut. The distribution of the trees to be cut will be fairiy uniform because the 
person doing the selection always selects trees from groups of ten. The trees are 
marked with tree chalk or by any other feasible way. The process is repeated as 
many times as necessary until the end of the strip. Strips can be set parallel to each 
other and cover whatever area is desirable. The work does not have to be done in 
strips, as long as the workers can select distinct groups of ten trees. 
A copy of the program and a manual that more fully explains its use can be 
obtained from the Forestry Department, Iowa State University. 
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AN APPLICATION OF THE PROGRAM 
Data 
Field data come from five 0.5 ha plots established in the X-Hazil community 
(the study area is described in the general introduction). Each plot was 50 m by 
100 m and was subdivided into to 10 m by 10 m subplots. The diameter at breast 
height (minimum diameter was 10 cm), total height, crown diameter, botanical 
identity, and location within each subplot was recorded for all trees in each plot. 
Although these are not strip plots, the trees were ordered by assuming that the 50, 
10 by 10 m subplots in each 0.5 ha plot were in a strip. This is probably not as 
good as a true strip plot but should be quite acceptable because the coordinates to 
locate each tree were known. Thus, the data were entered following the order by 
which the trees appeared. A preference code was assigned to each of the tree 
species based on the relative frequency of each species. Table 1 shows the 
preference code of eighteen of the, approximately, one hundred tree species. The 
relative frequency of non-commercial species found on all plots were ranked from 
highest to lowest and divided into 9 equal groups. Species in the most abundant 
group were assigned a preference code of 1, and the rest of the groups were 
assigned codes through 9. The commercial species were assigned a code of 10. It 
was very important to retain the commercially valuable species, regardless of their 
condition, because commercially desirable tree species are present in small 
numbers in their forest, and their role as a seed sources are enormous. The result 
is that the most abundant species with no current commercial value are the most 
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likely to be eliminated. It is very desirable to maintain diversity, while producing a 
change in the proportion of trees per species. 
Table 1. Preference codes for eighteen tree species that were assigned according 
to tree species frequency 
Scientific Name Frequency Preference code 
Swietenia macrophylla Ring. 0.1 10 
Pseudobombax ellipticum H. B. K. 0.1 10 
Spondias mombin L 0.2 10 
Bursera simaruba (1.) Sarg. 0.2 9 
Protium copal Engl. 0.2 8 
Annona primigenis Standi. 0.2 8 
Hippocratea sp 0.3 7 
Trophia racemosa 0.3 7 
Lonchoearpus rugosus Benth. 0.7 6 
Nectandra coriaceae Blake. 1 5 
Vitex gaumeri Greenm. 2 4 
Coccoloba sp 2 4 
Psidium sartorianum Berg 3 4 
Alseis yucatanensis Standi. 4 4 
Murray a peniculata Jack. 5 3 
Pouteria campechiana 6 3 
Pouteria unilocularis Donn. Sw 9 2 
Gymnantkes lucida Sw. 18 1 
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Results and Discussion 
Thinning was simulated using the five criteria and various numbers of trees 
to be removed. In the following comparison of results, criteria 3 was to eliminate 
trees between 10 and 15 m in height, while criteria 4 was used to eliminate trees 
between 15 and 30 cm in diameter. Figure 2 shows the relationship between the 
percent of basal area removed and number of trees removed for all five criteria. 
This can be used to visualize the relationship between the residual basal area per 
hectare, the different criteria, and the number of trees to remove to obtain the 
desirable percent or level of thinning. 
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Figure 2. Relationship between the percent of basal area 
removed and the number of trees removed for every group of 
ten for the five criteria 
Figure 2 cleariy illustrates the different effects of the five criteria on the 
percent of basal area removed. The percent of basal area removed was 
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approximately linear in relationship to the number of trees removed per group of 
ten. However, the slope and intercept of the relationship are different when the five 
selection criteria are compared. This information gives a dear idea of the change 
in the vegetation structure that will be obtained from using the different criteria. 
For some studies crown area is a very important factor to be considered. 
Figure 3 shows the relationship between the crown area and the number of trees 
removed for the five criteria. This information can be very useful because it gives 
the possibility of correlating basal area removed with the remaining crown area. 
Thus, overstory removals can be controlled based on residual and removed basal 
area and crown area. 
To illustrate more of the uses of ThinSim, more detailed results from using 
criteria number one are given. Criteria one selects trees regardless of preference 
code from the largest dbh to the smallest dbh. Figure 3 shows the relationship 
between the crown area in three height strata and the number of trees removed. 
Figure 4 shows how this type of selection criteria affects the crown area per strata 
(tree's height). It shows that under this criteria the lower layer does not experience 
crown area reduction, while the other two layer are affected almost in the same 
proportion. This information should help the user decide the impact of different 
criteria on the layers of canopy. Many combinations can be made depending upon 
the user interests or needs. Table 2 contains more detailed results about the 
changes produced on the vegetation stmcture as a result of selecting trees to be 
eliminated under criteria number one. 
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Table 2. Example of output generated by the program Thinsim for criteria number one that selects trees by 
preference code from largest dbh to smallest dbh 
Number of trees eliminated (for every group of ten) 
1 2 3 4 5 6 7 
Initial Basal area (m^) 35 35 35 35 35 35 35 
Basal area removed (m^) 7 9 10.5 13 14 15 17.5 
Residual Basal area (m^) 28 26 24.5 22 21 20 17.5 
Initial Crown Area (m2 X 1000) 27 27 27 27 27 27 27 
Crown area removed (m^ X 1000) 3.5 4.5 8.5 10 12 14 17.3 
Residual crown area 23.5 22.5 18.5 17 15 13 9.7 
Res. Basal area of layer > 15 m 16.5 10 9 8 7 6 5 
Res. Basal area of layer 10-15 m 8.4 11.5 11.5 10 10 11 9.5 
Res. Basal area of layer < 10 m 3 4.5 4 4 4 3 3 
Res. Crown area of layer >15 m 16 15 12 10 8 6 3 
Res. Crown area of layer 10-15 m 5.5 5.5 5 5.5 6 6 25.7 
Res. Crown area of layer < 10 m 2 2 1.5 1.5 1 1 1 
Table 2 (continued) 
Number of trees eliminated (for every group of ten) 
1 2 3 4 5 6 7 
Percent Basal area removed 20 25 30 37 40 42 50 
Percent Residual Basal area 80 75 70 63 60 58 50 
Percent Residual crown area 87 83 68 63 55 48 36 
Percent Crown area removed 13 17 32 37 45 52 64 
% Residual B.A. of layer > 15 m 59 38 37 36 33 30 28 
% Residual B.A. of layer 10-15 m 30 44 47 45 48 55 54 
% Residual B.A. of layer < 10 m 11 17 16 18 1 15 17 
% Residual C. A. of layer >15 m 68 66 65 59 53 46 31 
% Residual C. A. of layer 10-15 m 23 24 27 29 40 46 59 
% Residual C. A. of layer < 10 m 8.5 9 8 9 7 8 10 
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CONCLUSION 
In thinning or overstory removal studies, the number of trees removed is 
usually analyzed in terms of its effect on different stand characteristics with the 
intention of finding the level that produces the best results. Thus, a program that 
would simulate thinning could be very useful In designing thinning studies because 
a variety of alternatives can be evaluated without having to remove trees. ThinSim 
represents a very useful tool because it is based on a simple way of selecting the 
trees to be removed from the forest. This is especially advantageous for the 
example because in the tropical forests of Quintana Roo, Mexico, forest inventory is 
carried out using strips 1 km long and 10 m wide. People in the region are used to 
moving through the forest in this way (trained by a private forestry group) to help do 
inventory. Thus, carrying out an overstory removal should not represent a major 
problem for the local inhabitants. It also should not be difficult to train people with 
no previous experience in strip plots. A similar approach can be taken in other 
tropical regions to carry out studies that involve overstory removal or thinning. 
The use of a preference code offers many possibilities because the user can 
assign it according to the objectives of the study. Preference codes can be 
assigned based on a species's wildlife value, timber value, medicinal value, or for 
other reasons. 
One limitation of the program is the number of criteria. There are many 
others to consider. However, the program can be changed if necessary without too 
much work, so people can modify the program to meet their special needs. 
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ABSTRACT 
A study was carried out to identify an efficient and low cost method to kill 
seven local tree species. Four methods were tested: two chemical injection 
techniques (Banvel®CST Herbicide & Esteron 47 M) and two physical treatments 
(girdling bands 20 cm and 40 cm wide). Overall, there was a substantial difference 
among the four treatments. Esteron 47 M was the most effective treatment with 
68% mortality. Girdling 20 cm bands and 40 cm bands resulted in 57% and 53% 
mortality, respectively. Although girdling is more time consuming than using 
chemicals, it is recommended, when possible, because of lower application cost 
and avoidance of chemical pollution and danger to workers. Safety equipment is 
not readily available in tropical areas. Even if it were, under tropical conditions it is 
not comfortable to use. People living in the tropics are usually accustomed to the 
use of machete and hatchet, and accidents very seldom occur. 
Key words: Tropical forest, tree removal, girdling, poisoning 
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INTRODUCTION 
Insufficient overstory removal and inadequate advanced regeneration often 
have been suggested as the reasons for unsatisfactory regeneration in the tropics 
(Jenkins and Chambers, 1989). Partial overstory removal and control of understory 
vegetation will produce changes in the understory light levels, which should 
encourage the regeneration of commercially valuable species (Negreros, 1991). 
To carry out an overstory removal operation, there is always the problem of 
how to remove efficiently and inexpensively certain trees. This is particularly true 
when the trees to be removed have little or no commercial value. Under these 
conditions the only way to reduce costs is to kill the trees that need to be removed 
and leave them on site. 
The objective of the present study was to determine an efficient and low cost 
method or methods to eliminate different tree species in the forests of Quintana 
Roo, Mexico. This information should be useful in carrying out overstory removal, a 
silvicultural treatment that is useful for improving the quality of the forests 
(Hutchinson, 1986; Negreros, 1991). There is a need to reduce selectively the 
number of less desirable species to provide canopy gaps that promote the 
regeneration of valuable species. The intention is not to eliminate any species 
entirely; diversity should be maintained. Hence, the study focused on single stem 
treatments. 
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METHODS AND PROCEDURES 
The study was conducted in an area where an overstory removal was being 
done for a regeneration study (study area was described in the general 
introduction). The results of that study are reported elsewhere (Negreros and Hall, 
1991). 
The four methods, described below, were thought to be able to kill trees in 
place. The study focused on the seven tree species that are most likely to be 
selected for reduction in this particular forest (Table 1). These species are very 
abundant but have very low current commercial value. 
Trees from four diameter classes from 15 to >30 cm dbh (diameter at 1.3 m) 
were selected for each species, the number of trees per category varied from 2 to 
16. The variation in the number of trees per diameter class and per tree species 
was due to their uneven distribution in the experimental plots. 
Table 1. Scientific names of the seven tree species studied 
Common name Family Scientific name 
Copal bianco Burceraceae Protium copal Engl. 
Ramon bianco Moraceae Brosimum alicastrum Sw. 
Tabaquillo Rubiaceae Alseis yucatanensis Standi. 
Kaniste Sapotaceae Pouteria campechiana H.B.K. 
Zapotillo Sapotaceae Pouteria unilocularis Donn. Sw. 
Guano Palmae Sabaljapa Wright. 
Limonaria Rutaceae Murraya peniculata Jack, 
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The four treatments, two physical and two chemical, that were studied are 
described below. 
Treatment I.- Esteron 47 M, acid ester butillc 2-4 dicloro phenoxiacetic acid 46 %, 
manufactured by "Dow Quimica Mexicana" is used to control woody 
weeds that invade agricultural fields. It was applied at 10 times the 
recommended concentration (8 g/l) because it is generally used in a 
spray to control early stages of woody plants in corn, sorghum, and 
sugar cane fields. It has never been used for injection into large trees, 
so the concentration was increased. The application was done using 
a Hypo-Hatchet® injector devise that was used to make a continuous 
frill around each tree. 
Treatment II.- BANVEL® CST. Dimethylamine (DMA) salt of dicamba and DMA salt 
of dicamba related acids (13.3 g/l) is manufactured by Sandoz crop 
protection corporation, it was applied in the same way as that in 
treatment I. 
Treatment III.- Girdling a band approximately 20 cm wide around the tree using a 
hatchet. This technique is used by people of the area to eliminate 
standing trees. It is done on a low scale, usually to eliminate trees in 
people's back yards. 
Treatment IV.- Girdling a band approximately 40 cm wide around the tree using a 
hatchet. This is just a modification of the local method. 
The study was initiated in the summer of 1988. Before being treated, each 
tree was identified by its botanical name and its dbh was measured. A year after 
treatment, the condition of each tree was evaluated to determine if it was still an 
effective above ground competitor or not. If a tree had lost all or almost all of its 
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crown, it was considered dead. If a tree appeared to have all or most of its crown, it 
was considered to be alive. For trees between these conditions, the bark was cut 
to examine the cambium. If the cambium appeared to be dry, the tree was 
classified as dead; othenwise, it was considered to be alive. 
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DATA ANALYSIS AND RESULTS 
Data were collected on the time required to treat trees and the amount of 
chemical needed. During two days the field work was timed, and the average time 
to treat a tree of average diameter was calculated (Table 2). Overall, 58% of the 
367 treated trees died. Approximately 0.5% of the non treated trees in the area 
died during the same period of time. 
Table 2. Comparison of treatment application time and amounts of chemical used 
Treatment Approximate time 
needed to treat a 
tree 20 cm at dbh 
Amount of chemical 
used per tree 
BANVEL 2 min approx 10 ml 
ESTERON 47 M 2 min approx 10 ml 
20 cm wide band 6 min 
40 cm wide band 10 min 
The effect of the four treatments on each species is presented in Table 3. 
The chi-square (%^) test for independence was used to test for differences among 
treatments. For all species combined, the percent mortality varied strongly among 
treatments (%^= 19, df=3, P<0.01 ). A comparison of the two chemical treatments 
versus the two physical treatments showed that the chemical treatments were, on 
average, somewhat more effective than the physic^ treatments (%^= 2.49, df=1, 
P=0.12). Esteron 47 was more effective in killing trees than Banvel (%^=2.8, df=1, 
Table 3. Effect of the four treatments on survival of the seven tree species 
Ciiemicai treatments Pliysical treatments 
Species Esteron 47M Banvel CST 20 cm Band 40 cm Band Probability 
Name % Total % Total % Total % Total of a larger 
Dead # Dead # Dead # Dead # 
Copal 100 18 70 17 86 7 55 27 7.1 0.068 
Guano 5 19 28 18 0 11 19 16 6.5 0.11 
Kaniste 100 9 57 7 37 8 29 17 12.5 <0.01 
Limonaria 50 4 100 6 86 14 70 10 4.6 0.21 
Ramon 66 6 66 6 66 6 66 9 0 1.0 
Tabaquillo 73 26 71 14 55 18 57 28 1.9 0.59 
Zapotillo 100 10 43 14 70 10 92 12 12.7 <0.01 
All trees 68 92 57 82 57 74 53 119 19 <0.01 
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P=0.094). The two physical treatments gave very similar results (%^ = 0.44, df=1, 
P=0.51). 
The efficiency of the treatments varied among the species (Table 3). The 
overall effect of the two physical and two chemical treatments by diameter class is 
shown in Figure 2.. The percent mortality for all species combined into the four 
diameter classes varied slightly among the classes (%^= 5.2, df=3, P=0.182) (Fig. 
2). 
100 -I 
® 80 
M Chemical 
Treatments 
• Physical 
Treatments 
Diameter Class (cm) 
Figure 2. Percent of trees killed by the chemical and physical treatments. 
The number above each bar indicates the initial number of trees 
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DISCUSSION AND CONCLUSIONS 
Overall, Esteron was the most successful in killing the trees, but there was 
some variation from species to species, and some species were killed more easily 
than others. For example, "guano", which is a very abundant palm, was killed most 
effectively by Banvel, but Banvel only killed 28% of them. Despite the difference in 
band width, both girdling widths were about as effective at killing trees. 
Considering the time involved, a 20 cm band gives the greatest effectiveness. 
Although there were small differences among diameter classes, there is no clear 
trend of larger or smaller trees being more easily killed. The trees in the 20 cm 
diameter class had the lowest percent mortality, but that was not too much less than 
the other classes (Fig. 2). 
Although some treatments are more effective than others, there is a relatively 
small difference in their ability to kill the trees. Therefore, although "Esteron 47 M" 
was better than the other treatments, deciding which treatment to use will depend 
on what a forest manager wants to accomplish and how quickly. In the region 
where the study was done the people are not really aware of the risks of working 
with herbicides. Safety equipment is very difficult to obtain and if available is not 
comfortable at all under the high temperatures of the tropics. Thus, girdling 
becomes less dangerous for workers, although it is more time consuming (Table 2). 
Furthermore, people in this region are very accustomed to the use of a machete or 
hatchet; accidents are very seldom reported. Possible chemical pollution can also 
be avoided. Labor is usually readily available in tropical regions, and employing 
many people is often desirable. The application of chemicals requires qualified 
personnel, who are often not available in rural tropical areas. 
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Because girdling up to 40 cm bands was not highly effective at killing trees, 
chemical treatments probably hold the greatest promise for successfully killing. But 
more study is needed with other chemicals and with various concentrations to see 
which ones are most effective and safe. 
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ABSTRACT 
Mahogany {Swietenia macrophylla King) is the single most important 
commercial tree species in the forests in Quintana Roo, Mexico. Its survival and 
grov\rth depend on the amount of light that filters through the upper canopy. 
Mahogany regeneration has been associated with disturbances that increase the 
understory light levels. A study to analyze the effect of overstory removal on the 
survival and growth of mahogany seedlings was conducted. Twenty five 0.2 ha 
plots were treated to create different levels of overstory removal and then seeded. 
Two seeding methods were used, dibbling and dropping. Dropping was used to 
simulate the way that seeding occurs in nature. The understory light levels were 
measured after the overstory removal was done. 
A year after applying the treatments, it was observed that the mahogany 
seedling survival was not affected by the understory light levels created by the 
overstory removal. A more clear effect is expected to be observed in the next 
years. Seedling establishment by dibbling and dropping gave similar results; 
however, dibbling is recommended because it can protect the seed against 
predators. There was a high correlation between the percent of overstory removal 
and understory light levels. 
Key words: Mahogany, regeneration, light levels, overstory removal 
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INTRODUCTION 
In the state of Quintana Roo in Mexico, as in the majority of the tropical 
forests of Latin America, mahogany {Swietenia macrophylla King) has been the 
only marketable tree species for centuries (Lamb, 1959). Mahogany has been 
established as a standard of quality for many uses of wood, and it is universally 
accepted. In Mexico, for example, the tropical forestry industry is basically based 
on its utilization (Pennington and Sarukhàn,1968). Harvesting has been high-
grading or "mining" of mahogany, felling only the best stems, and covering 
enormous areas (Gordon, 1960; Budowski, 1982). 
Poor and destructive cutting practices have limited the potential 
regeneration and grovi/ing stock of mahogany. But some attempts have been 
carried out to try to manage tropical forests for continuous production of mahogany, 
and many studies have concentrated on mahogany regeneration (Stevenson, 
1927; Holdridge, 1940; Wadsworth,1947: Gordon, 1960). In some cases, the 
management of natural stands was oriented towards the reduction of complexity, 
transforming vegetation to more homogeneous or pure stands (Lamb,1966). But 
this approach has failed in most cases because of its high cost and/or the attack 
during the seedling and sapling stages by the mahogany shoot borer {Hypsipyla 
grandella) (Gutierrez, 1951; Lamb, 1966). In Quintana Roo, Mexico, the 
management of natural mahogany-producing forests has consisted of controlling 
cutting by setting a minimum diameter cutting limit for merchantable trees 
(Lamb,1966). Despite the cutting limit, there is no system to regenerate mahogany 
in the tropical forests of this region of Mexico. 
70 
Mahogany is a light demanding tree species (Lamb, 1966), as are most of 
the other commercially desirable species throughout the tropical forests of the 
world (Foggie, 1960). In mature stands, mahogany regeneration is sometimes 
found scattered under the canopy. Seedling survival and growth depend on the 
amount of light that filters through the upper canopy (Lamb, 1966). Light at the 
ground level usually increases when an over mature tree falls or as a result of 
harvesting by creating small gaps and narrow alley ways. Of course, these 
openings can only be beneficial if mahogany seedlings are already established. 
And because mahogany seeds are wind-dispersed (Alvarenga, 1988), mahogany 
seedlings often are not close to mahogany trees, so the openings created when 
mahogany are cut down do not benefit many mahogany seedlings. Furthermore, 
harvesting mahogany obviously removes the seed source for seedlings that might 
take advantage of the opening created by cutting. 
In the Yucatan peninsula, fires and hurricanes are major disturbances that 
undoubtedly increase the ground light levels and change other environmental 
factors (Wolffsonhn, 1967). Successful mahogany regeneration has been 
associated with these disturbances (Stevenson, 1927). 
The value of the forests in this area depends almost exclusively on the 
amount of mahogany that is present. Thus, a forest is likely to be eliminated and 
the land used for agricultural or grazing purposes when mahogany is absent or 
present in very small numbers. As result, it is desirable to try to develop silvicultural 
guidelines to successfully regenerate this important tree species. 
This paper presents the first year results of a study conducted to analyze the 
effect of overstory removal on the regeneration of mahogany seedlings, 
established by direct seeding in the forests of Quintana Roo, Mexico. 
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Overstory Removal 
Overstory removal is a silvicultural technique extensively used in temperate 
forests to try to induce natural regeneration and/or growth of light demanding tree 
species (Logan, 1965; McGee, 1968; Laacke and Fiddler,1986; Smith, 1986). In 
tropical forests, overstory removal has been used, though not as extensively 
(Stevenson, 1927; Holdridge, 1940; Wadsworth, 1947; Lamb, 1966; Hutchinson, 
1987). Understory light intensity strongly influences the survival and growth of 
seedlings of shade intolerant species, and light levels can be controlled by 
overstory removal (partial stand-felling) (Jenkins, 1989). 
Although overstory removal has been used, generally successfully, to 
increase growth of advanced regeneration (Ferguson and Adams, 1980; Helms 
and Standford, 1985), a critical variable is usually the size of the overstory 
openings or intensity of overstory removal. Studying the growth of pine {Pinus 
taeda L and Pinus echinata Mill) reproduction, Jackson (1959) found that openings 
with diameters from 14 to 16 m produced the best results. 
The "tropical shelterwood" system is a technique for overstory removal of 
forests, but it is based on having adequate stocking of desirable seedlings and 
saplings (Budowski, 1956; Foggie, 1960; Serevo, 1960). Mahogany regeneration 
has been induced successfully in Belize and in Puerto Rico by some type of 
overstory removal (Stevenson, 1927; Wadsworth,1947). In Mexico the approach 
has been mainly the establishment of pure mahogany plantations (Gutierrez, 1951). 
However, the effect of overstory removal on the regeneration of mahogany 
seedlings has not been tested in the tropical forests of Quintana Roo, Mexico. 
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METHODS 
This study was carried out at the tropical forest research station "San. Felipe 
Bacalar", located in the southeastern region of the state of Quintana Roo (Fig. 1 of 
general introduction). The research station covers approximately 8000 hectares 
(Chavelas, 1976). 
Twenty five 40 x 50 m plots (2000 m^) were selected at random in an area of 
approximately 100 hectares with a similar type of soil. Overstory removal was 
conducted on each plot and resulted in removal of 0 to 28% of the basal area. 
Trees were chosen for elimination with the goal of trying to maintain the initial 
species diversity by using the computer thinning simulation program "ThinSim" 
(Negreros and Mize, 1991). Undesirable trees were girdled or treated with a 
herbicide. Not all treated trees died, which resulted in overstory removal levels 
lower than expected (Negreros and Hall, 1991 ). Each of the 25 plots was seeded 
with an average of 300 mahogany seeds. The seeds were distributed in eleven 
rows 42 m long and 3 m apart. Two seeds were placed every 3 m along the rows. 
Two seeding methods were used, dibbling, which was done on six rows, and 
dropping, which was done on five rows. Dropping was used to emulate natural 
seed fall. Seed viability, tested using the tetrazolium method (AOSA, 1985), was 
95%. 
Measurements 
Diameter at breast height (1.30 m) of all trees greater than 10 cm were 
measured on the 25 plots. Basal area (m^/ha) and number of trees per hectare. 
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both before and after the application of the treatments, were determined for each 
plot. Instantaneous photosynthetic light measurements were taken in nine sample 
points systematically located in each plot. The light measurements were taken with 
a LI-COR light meter and a horizontally positioned quantum sensor bar, which 
measures understory photosynthetically active light flux (Salmien et al., 1983). 
Light measurements were made between 8:30 and 14:00 hours during the month 
of June. Relative light level (RLL) was calculated as a percent of light in the open 
(Yoda et al., 1983). According to Anderson (1970) and Salminen et al. (1983), 
RLLs represent an average of both spatial and temporal variations. 
After six and twelve months, the plots were visited, and the number of 
geminated seeds and the height of all seedlings were recorded. Percent 
germination, average height, and survival was determined for each type of 
seeding. 
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RESULTS 
The correlation between the percent basal area removed and the 
photosynthetic light was very high (r = 0.95, df = 23, P < 0.01) (Fig. 2). Percent 
germination, computed six months after the seeding of the plots for the dibbled 
seeds ranged from 31 to 64% with an average of 47%. Germination ranged from 
15 to 70% and averaged 41% for the dropped seeds. Based on a paired t-test, 
germination of dibbled seeds was somewhat greater than the dropped seeds (t = 
1.9, df = 24, P = 0.07). 
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Fig 2. Relative photosynthetic light level versus percent of basal area 
removed. Light measurements were instantaneous and were taken 
during the month of June of 1990 
The correlation between percent germination for both seeding methods and 
the percent of basal area removed was not very strong (dibbled r=0.37, P = 0.069 
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and dropped r= 0.36, P=0.077). The correlation of the overall germination (dibbled 
+ dropped) with percent of basal area removed was slightly stronger (r = 0.41, 
P=0.C42) (Fig. 3). After 12 months, 75% of the dibbled seeds that germinated were 
still alive, while 79% of the dropped seeds that germinate were still alive (Table 1), 
the difference in survival, evaluated by a paired t-test, was small (t = 0.65, df=24, 
P=0.53). There was little correlation between the percent survival for both types of 
seeding and the percent of basal area removed (dibbled r=0.18, P = 0.39 and 
dropped r = 0.23, P=0.27). There also was essentially no or little correlation 
between percent basal area removed and average height for the two types of 
seeding (dibbled r=0.12, P=0.57 and dropped r=0.27, P=0.19). 
Table 1. Germination, survival, and seedling height for dropped and dibbled 
seeds 
Type of % 
% 
Survival at 12 Average 
Seeding Germination Months Relative 
to Germinated 
Seeds 
Height 
(cm) 
Dropped 41 79 22 
Dibbled 47 75 20 
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Figure 3. Percent basal area removed versus tlie percent gemination for 
the two types of seeding 
77 
DISCUSSION 
The correlation between percent basal area removed and percent 
photosynthetic light level was, as expected, quite high. This was similar to Jenkins 
and Chambers (1989) findings for temperate hardwoods forests. Thus, for these 
forests percent of basal area removed can be used as a good predictor of 
understory light levels after overstory removal. Additional measurements of light 
levels before and after overstory removal might reveal some differences in the 
shade produced by different tree species, but this is not a high priority variable in 
initial studies. 
The two methods of seeding gave similar results. Dibbling the seeds was a 
little better than just dropping them. Dibbling probably protects the seed from 
insect attack, which has been shown as a possible reason for low stocking of 
mahogany seedlings and saplings beneath the canopy (Wolffsonhn, 1961). Either 
method is useful because they are cheap. As a result, given limited resources to 
achieve regeneration, a little effort can be expended to spread seed throughout a 
site, and more resources can be dedicated to increase the understory light levels 
because Stevenson (1927), Lamb (1960 and 1966), Budowski (1965), and 
Hartshorn (1980) have reported light to be the most limiting factor for mahogany 
seedling growth. 
The correlations between percent of basal area removed and the percent 
germination of each of the two seeding methods were weak. When the percent 
germination from the two groups (dibbled + dropped) were joined and correlated 
with percent of basal area removed the correlation was only slightly stronger. 
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Thus, the percentage of overstory removal used in this study (0% to 30%) produced 
a range of light levels that seems to had had little effect on germination. 
According to Stevenson (1927) and Lamb (1966), mahogany seeds 
germinate under favorable edaphic conditions, but the seedlings fail to survive 
beneath the canopy because the low levels of light. However, mahogany 
seedlings in the first few months of their existence are very intolerant to full light. 
Full light was not achieved in any of the 25 plots, thus seedlings are not going to be 
exposed to this extreme condition, but probably would be necessary to apply a 
higher percent of overstory removal to observe a more defined effect (or any) of the 
different light levels on mahogany seedling growth. 
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CONCLUSIONS 
Forest regeneration and enrichment with mahogany by seeding deserves 
further study. If the success of this study can be repeated, enrichment costs can be 
substantially reduced and larger areas can be treated. Although this study did not 
show a strong difference between dibbling and dropping the seeds, dibbling is 
recommended because it might protect the seeds from prédation. 
Percent of basal area removed was strongly correlated with understory 
photosynthetic light levels in this study, however, further study is recommended to 
quantify the relationship for other types of forest in the region. Understory light 
level is very important for mahogany seedling survival and growth (Stevenson 
1927; Lamb 1960 and 1966; Budowski 1965; Hartshorn 1980). However, this was 
not obsen/ed in this study, probably because the applied basa! area removal 
resulted smaller than planned, because not all the treated trees died. However, 
this study seems to indicate that during their first 12 months of existence mahogany 
seedlings are not affected by photosynthetic light levels achieved on the 25 plots. 
These results suggest that overstory removal need not precede or coincide with the 
direct seeding efforts. This study will be followed for several more years to achieve 
a better understanding of the mahogany seedlings development and the 
relationship with understory photosynthetic light levels. Also, further study will be 
needed to determine how soon mahogany seedlings need to be released from 
heavy shade. 
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ABSTRACT 
The results of a study carried out to see the effect of different overstory 
removal levels on tree growth of a tropical forest at Quintana Roo, Mexico, is 
presented. Five 0.5 ha plots divided into subplots of 10 x 10 m were used to 
establish the study. Although the number of individuals of commercial species was 
very small, growth for all species with more than 14 individuals is presented. The 
growth period was three years. No species showed a correlation between the 
percent of basal area removed and the increment by diameter class. 
Key words: tropical forest, growth, overstory removal 
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INTRODUCTION 
The determination of felling cycles and thinning regimes and the estimate of 
allowable cuts or exportable volumes is based on the age of trees and their growth 
rate (Flores, 1963). Unfortunately, there is very little information about the growth of 
the forests and trees of the tropics. This is mainly due to the difficulties 
encountered trying to detenmine age and growth in tropical trees (Briscoe, 1962; 
Ashton, 1981). 
Because of the importance of growth information in developing viable 
schemes to utilize forests, foresters not only try to obtain information about tree 
growth rates under natural conditions, but they attempt to create environmental 
conditions to achieve maximum growth rates. 
Overstory removal is a silvicultural technique extensively used in temperate 
forests to try to induce natural regeneration and/or increase the growth of light 
demanding tree species (Logan, 1965; McGee, 1968; Laacke et al, 1986). In 
tropical forests, overstory removal has been used, though not as extensively 
(Stevenson, 1927; Holdridge, 1940; Wadsworth,1947; Lamb, 1966). According to 
Smith (1986) temporary reduction of stand density by overstory removal (partial 
stand-felling) reduces competition, which allows the remaining trees to accelerate 
their diameter growth because of the increase in available light and nutrients. 
Studies by Ferguson and Adams (1980); Helms and Standford (1985) have 
showed that overstory removal has been generally successfully, to increase the 
growth of advanced regeneration and remaining trees. Although considerable 
research has been done on temperate forests, very little is known about the effect 
of overstory removal on trees and stands of tropical forests. 
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This paper presents the results of a study conducted to evaluate the effect of 
different overstory removal levels on tree growth of a tropical forest at Quintana 
Roo, Mexico. The initial impact of these treatments on seedling establishment has 
been reported previously (Negreros, 1991). 
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METHODS AND PROCEDURES 
The study area has been previously described (Fig. 1 of general 
introduction). In the community of X-Hazil, located near the center of the state of 
Quintana Roo, an area of forest that had not been disturbed for at least the last forty 
years was selected to do this study. The study was initiated in 1986, the same year 
that a commercial harvest was done in the area. One plot was established in the 
harvested area, and four plots were situated in undisturbed forest (Fig. 1). 
Each plot was 50 m x 100 m (0.5 ha). To facilitate measurements before and 
after the application of the treatments and the application of the treatments 
themselves, each plot was subdivided into 50 sections of 100 m^ (10 x 10 m) (Fig. 
1). The plan was to remove different amounts of basal area, evenly distributed, 
with the assumption that this would homogeneously reduce competition among the 
trees. The more basal area reduction, the less the competition. The percentages 
of basal area removed were 0 % (control), 8% (commercial harvest), 28%, 45%, 
and 55%, although the planned removals were 0%, 20%, 30% and 50% for the 
non-commercial plots. While removing the trees that had been identified for 
removal, other trees were pulled down which resulted in the greater removal. 
It was very important to evenly distribute the overstory removal in the 0.5 ha 
plot to create homogeneous conditions for the remaining trees. To help achieve 
this objective, a representative map was made for each plot. The map was a hand 
made aerial representation of all trees (dbh>10 cm) with their respective crown 
sizes and their position on the canopy. Figures 2a and 2b represent a subplot 
before and after the treatment. All the trees with commercial value were identified 
and selected as trees to remain in the stand, because one of the objectives was to 
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observe the effect of the overstory removal on these species. To select the trees to 
be eliminated and reach the desired percent of basal area to be removed, first all 
trees touching the crowns of commercially valuable were marked for elimination. 
Using the map as a guide, other trees, mostly canopy trees, were selected for 
removal to achieve a fairly homogeneous removal and to reach the target basal 
area over the whole plot area. The size, height, and location of trees was used as 
guide criteria. The cut trees were left fairly uniformly scattered around the site. 
Tree Measurements 
Growth was determined by periodical measurement (3 years) of the 
circumference (Singh, 1981; Mariaux, 1981). A band was painted around each 
tree at a height of 1.30 m for diameter measurement. All the trees (dbh >10 cm) 
were botanically identified, located on a map, and permanently numbered. 
Diameters were recorded before applying the treatments and three years later. 
Measurements were carried out between August and December. 
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Plot 4 
Commercial 
Plot 5 20 m 
8 % BA Removed 55% BA 
Removed 
5 m 
Plot 3 
10 m 
10 m 
45% BA 
Removed 
5 m 
Plot 2 
28 % BA 
Removed 
5 m 
lot 1 
100m 0%BA 
Removed 
10 m I—aO m—I 
Figure 1. Experiment layout showing the five plots relative to each other and plot 
subdivision on 10 X 10 m sub plots 
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Figure 2. A 10 x 10 m subplot (a.) before and (b.) after overstory removal. Crown 
position in the canopy is indicated by: A (lower layer >5 < 10 m), B 
(middle layer >10 < 15 m) and C (high layer > 15 m) 
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ANALYSIS AND RESULTS 
Although overstory removal was supposed to be done uniformly across each 
0.5 ha plot, considerable variation was observed within the plots. Thus, it was very 
difficult to interpret the effect of overstory removal on tree growth. Therefore, 
instead of evaluating the relationship between the growth of trees and the density 
of the 0.5 ha plots, we decided to use the density of the 10 x 10 m subplots on 
which the trees occurred because the growth of the trees should be more strongly 
related to the density of the subplots on which they were located than the density of 
the 0.5 ha plots. There were 246 subplots that had trees on them. The percent of 
basal area removed on each of them was calculated (Table 1). 
The growth of the trees was evaluated on a plot and an individual tree basis. 
The initial and final basal area of the five 0.5 ha plots was calculated. The five plots 
showed a very similar basal area increment in the period of three years. Each of 
the five 0.5 ha plots grew an average of 2.2 m^ of basal area per hectare. Table 2 
summarizes the characteristics of each plot. 
To estimate the growth of individual species, data from the five 0.5 ha plots 
were pooled. In all, 2492 trees representing 80 species were measured. However, 
because there were very few trees for some species, the growth of only those 
species represented by at least 14 individuals among the five 0.5 ha plots was 
evaluated (2266 trees representing 30 species) (Table 3). The diameter growth in 
three years varied from 0.09 cm to 0.5 cm. 
The growth rates of the commercial species was a major interest; however, 
there were few individuals for some species. Average diameter growth of 
mahogany was 0.5 cm during the three years. This is a very low rate, especially 
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compared with the growth that mahogany achieves on pure plantations (average 
1.8 cm/year). Although the estimate is only based on 19 trees grown in one area 
for one three year period of time, it could be an indication that mahogany grows 
slowly under natural conditions. This is especially important because higher 
growth rates are currently used by the local foresters to determine the felling cycle 
for mahogany. 
Aside from the poor site quality of this region (poor soils and 4 months dry 
season), tree age, the history of the stand, and the competition that individual trees 
have experienced are unknown. Thus, it was not possible to evaluate their effects 
on trees response to the overstory removal. 
Table 1. Frequency of percent basal area removed on the 10 x 10 m subplots 
Percent Basal Area 
Removed 
Number of Plots 
(100 m2) 
Cumulative 
Percent 
0 69 28 
1-15 40 44 
16-25 22 53 
26-35 21 62 
36-45 20 70 
46-55 30 82 
56-65 14 88 
66-75 19 96 
76-94 11 100 
Total 246 
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Table 2. Overall growth per plot over 3 years 
Plot 
1986 
BA (m2) 
per ha 
1989 
BA (m2) 
per ha 
Number 
of trees 
BA 
Increment 
(m2/ha) 
1 37 39 847 2.2 
5 42 35 642 2.8 
2 42 32 571 2 
3 40 21 204 2.4 
4 30 15 228 1.4 
The percent of basal area removed for each subplot (10 x 10 m) was 
correlated with the diameter increment of each species with more than 30 
individuals. All correlations were weak (P>0.10). Special attention was placed 
the effect that the overstory removal had on the growth of mahogany and other 
species with current commercial value (Table 3). 
Table 3. DBH growth over three years of îree species with more than 14 individuals 
Name Family Scientific Name 
Number 
of trees 
Average 
DBH 
(cm) 
Average 
growth 
DBH 
(cm) 
Std Dev 
Amapola® Bombaceae Pseudobombax ellipticum Kunth. 36 21 0.25 0.21 
Boob Polygonaceae Coccoloba sp 44 16.3 0.19 0.22 
Boobchich Polygonaceae Coccoloba spicata Lun. 55 14.9 0.13 0.11 
Chaca^ Burseraceae Bursera simarouba I. 150 21 0.25 0.18 
Chactecoc® Rubiaceae Sickingia salvadorensis Standi. 17 17 0.16 0.22 
Chechén 9 Anacardiaceae Metopium brownei Jacq. 172 30 0.34 0.21 
Chicozapote Sapotaceae Manilkara zapota 1. 226 16.5 0.21 0.20 
Copal B Burceraceae Protium copal Engl. 14 12.3 0.20 0.19 
Eculub Sapindaceae Talisia floresii Standi. 130 10.3 0.13 0.13 
Guayabillo Myrtaceae Psidium sartorianum Berg. 66 16.1 0.20 0.17 
Guayancox Unknown 34 11.2 0.17 0.24 
Kanchunub Unknown 14 16.5 0.09 0.24 
Kaniste Sapotaceae Pouteria campechiana H.B.K. 47 14.5 0.24 0.20 
Katalox^ Leguminoceae Swartzia cubensis Britt. 18 23.6 0.22 0.14 
Kitanche Unknown 38 21.8 0.21 0.15 
^Commercially valuable species 
Table 3 (continued) 
Name Family Scientific Name 
Number 
of trees 
Average 
DBH 
(cm) 
Average 
DBH 
growth 
(cm) 
Std Dev 
Laurelillo Lauraceae Nectandra coriaceae Blake. 16 9.3 0.34 0.24 
Mahogany^ Meliaceae Swietenia macrophylla King. 19 38.5 0.50 0.29 
Negrito^ Simaroubaceae Simarouba glauca D C. 24 20 0.22 0.17 
Perez Cutz Euphorbiaceae Croton reflexiofolius H.B.K 22 11.9 0.16 0.15 
PI Unknown 209 13.2 0.17 0.16 
Ramôn Moraceae Brosimum alicastrum SW. 39 15 0.35 0.25 
Sac-chaca^ Araliaceae Dendropanax arboreus L. 18 14 0.23 0.17 
SiliI Ebenaceae Diospyros verae-crucis Standi. 83 16 0.19 0.22 
Sol Unknown 25 11 0.19 0.22 
Tadzi Hyppocrataceae Hippocratea celastroides H.B.K. 37 11.7 0.20 0.21 
Tamay Flacourtiaceae Zuelania guidonia Sw. 31 16 0.12 0.10 
Tastab Rubiaceae Guettarda comsii urban. 15 21.9 0.15 0.36 
Yaiti Euphorbiaceae Gymnanthes lucida Sw. 380 10.9 0.14 0.16 
Yaxnic Verbenaceae Vitex gaumeri Greenm. 21 20.2 0.19 0.12 
Zapotillo Sapotaceae Pouteria unilocularis Donn. Sw. 266 11.7 0.18 0.19 
^Commercially valuable species 
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DISCUSSION AND CONCLUSIONS 
People generally believe that tropical trees have high growth rates; 
however, the dry season in this tropical forest and its soil probably act to limit 
growth potential and response to release. Fi jthermore, one of the three years of 
growth observation (1989) was a particular dry year. The history of competition of 
trees in these stands and their age are not known, and both factors are very 
important in understanding the response of the trees to overstory removal. Lack of 
knowledge about stand history and age are common constraints facing managers 
of tropical forests. The growth rates estimated by this study need further 
evaluation; however, until more studies can be done, these values should be used 
to plan silvicultural activities for the utilization of the forests of Quintana Roo. 
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ABSTRACT 
While carrying out an overstory removal/natural regeneration study, the 
number of sprouts from the trees that were cut down were recorded. Seventeen 
species with average diameters from 9 to 36 cm were studied. The number of 
sprouts varied from 1 to 6, and sprout heights varied from 0.8 m to 5 m three years 
after the original trees were cut. Overall, the number of sprouts and the height of 
the sprouts increased as the parent tree diameter increased. This information can 
be very useful in managing the forest for products other than timber. Firewood, 
construction materials, edible fruits, and forages are among the different uses of the 
observed species. Forests might be coppiced to satisfy some of the most 
immediate needs of the region's inhabitants. 
Key words; Mexico, tropical forests, sprouting 
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INTRODUCTION 
Tropical forests have many values to human beings, such as protection, 
recreation, cultural, social, production, and scientific (Tracey, 1983). Although the 
study of tropical forests has advanced in recent years (Jacobs, 1988), there are still 
many questions to investigate because so little is known about tropical forests. 
Therefore, it is very useful to gather additional information while carrying out 
studies that have other primary objectives. 
In an overstory removal/natural regeneration study presented elsewhere 
(Negreros, 1991 ), many trees of a variety of species were cut down. The study 
plots were remeasured every year, and we were very impressed by the sprouting 
response of many of these trees. Thus, in addition to the measurements for the 
main study, we decided to measure some of the stems to evaluate their sprouting 
capability because such information should be very important to forest managers. 
The potential use of some of the sprouting species for firewood production, 
construction materials, medicinal properties or to obtain other products important to 
the forest inhabitants encouraged us to make these observations. This paper 
presents the results of the sprouting response of seventeen tree species of the 
region three years after they were cut. 
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METHODS 
Five 0.5 ha plots were established to carry out an overstory removal/ 
regeneration study (the study area was described in the dissertation general 
introduction). In each plot, trees were cut down to produce different levels of 
residual basal area. A random sample of 128 stumps was selected, and the stump 
diameters were measured. Three years after felling, the number of the sprouts and 
average sprout height were determined. Seventeen tree species were included, 
the number of individuals per species varied. The names of the tree species that 
were analyzed and their uses are listed in Table 1. The uses listed focus on what 
the local inhabitants do with the species. 
Table 1. List of species with Latin names and most important uses 
Common name Family Scientific Name Uses 9 
Chechen Anacardiaceae Metopium brownei Jacq. Lumber, Turning Stock 
Elemuy Annonaceae Annona primigenia Standi. Hatchet handles (b) 
Copal Blanco Burceraceae Protium copal Engl. Tool handle, posts 
SiliI Ebenaceae Diospyros verae-crucis Standi. No known use for the wood 
Perez Cutz Euphorbiaceae Croton reeflexiofolius H.B.K. Rural construction, medicine (b) 
Yaiti Euphorbiaceae Gymnanthes Lucida Sw. Rural construction, medicine (b) 
Tadzi Hyppocrataceae Hippocratea celastroides H.B.K. No known use for the wood 
Laurelillo Lauraceae Nectandra coriaceae Blake. Fruit edible 
Ramon bianco Moraceae Brosimun alicastrum Sw. Forrage, fruit edible, lumber 
Guayabillo Myrtaceae Psidium sartorianum Berg. No known use for the wood (b) 
Boop Polygonaceae Coccoloba sp Tool handles 
Boopchich Polygonaceae Coccoloba spicata Lundell. Tool handles 
Eculub Sapindaceae Talisia floresii Standi. No known use for the wood (b) 
Caimitillo Sapotaceae Chrysophyllum mexicanum B. Fruit edible 
Chicozapote Sapotaceae Manilkara zapota 1. Latex, fruit edible, lumber (b) 
Kaniste Sapotaceae Poutaria campechiana H.B.K Fruit edible, lumber (b) 
Zapotillo Sapotaceae Pouteria unilocularis Donn. Sw. Rural construction, railroad ties. 
a From Pennington and Sarukhân 1968. 
b Fire wood should be a possible use. 
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RESULTS AND DISCUSSION 
Table 2 shows the average stump diameter, average sprout height, and 
number of the sprouts for each species. Figure 1 shows the relation of number of 
sprouts to diameter for all species. The relation of sprout height to stump diameter 
for all species is represented in Figure 2. 
Table 2. Average stump diameter and average number and height of sprouts 
Name Average Stump a 
Diameter (cm) 
Average 
Sprout 
Height (m) 
Average Number 
of Sprouts 
Number 
of 
Individuals 
Boop 15 5 4 9 
Boopchich 21 5 3 4 
Caimitillo 10 4 4 5 
Chechem 30 1.3 3 5 
Chicozapote 11 1.2 3 9 
Copal Blanco 10 3 3 7 
Eculu 13 2.3 6 5 
Elemuy 13 1.8 2 5 
Guayabillo 19 1.1 5 6 
Kaniste 22 5 4 8 
Laurelillo 13 2.6 3 7 
Perez Cutz 13 4 2 6 
Ramon bianco 9 0.8 1 5 
SiliI 36 4 6 5 
Tadzi 8 2 1 8 
Yaiti 13 4 6 8 
Zapotillo 9 1.6 3 26 
Total number of trees 128 
a Diameter at breast height (dbh) is 2 to 3 cm smaller than the stump diameter. 
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Figure 1. Number of sprouts by stump diameter averaged over all species 
For most species, the number of sprouts and their height increased as stump 
diameter increased. If it is assumed that small trees are young trees, an opposite 
response is usually expected, because the youngest the tree, the larger the sprout 
production should be. However, no tree ages are known. Also, because these 
species are not commercially valuable, very little information exits about them that 
would help to explain the results. Boobchich, kaniste, silii, zapote, and zapotillo 
had fewer sprouts with increasing diameter. 
The results show that most of the species have the ability to produce sprouts. 
Boob, boobchich, kaniste, and siliI look particularly promising in this regard. They 
were able to produce quite a few sprouts, and sprouts from the moderately large 
stumps were over 1 m tail at the end of three years. Sprouting from younger 
(smaller?) stumps should be even better. 
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Fig 2. Sprout height versus stump diameter averaged over all species 
This preliminary study shows the potential for coppice management of the 
forest for certain species. One possibility would be to use these species in short 
rotation plantations to satisfy some of the inhabitant's immediate needs, mainly 
firewood, forage supplies, and poles for the constmction of their houses. These 
plantations should be located close to the towns to facilitate caring for the trees 
and collecting the products. 
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CONCLUSIONS 
This information may not be needed immediately, but it has a lot of potential 
to be used in the near future. The sprouting capability of tropical tree species has 
not been utilized as a tool for production of products other than timber. Some of the 
needs of the local inhabitants of tropical regions could be satisfied by using the 
capability of these tree species to produce sprouts. 
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OVERALL SUMMARY AND DISCUSSION 
More efficient use of the tropical forest could be achieved if sufficient 
Information about the extent, composition, structure, and potential production of its 
renewable resources were available. Species diversity is often the most important 
factor influencing the possibilities for more intensive and rational utilization of the 
tropical forests. After species composition, the great variation in the size, age, and 
form of the trees represents a serious limitation for both profitable harvesting and 
initiating suitable silvicultural treatments. 
The number of current commercial tree species in the tropical forests of 
Quintana Roo, as in most tropical forests of the world, represents a very small 
proportion of the trees in a stand. As a result, the regeneration of these species is 
difficult and represents the greatest challenge for tropical foresters. It is very 
necessary to promote the regeneration of such species because the local value of 
the forests, very often, depends on their presence. At the same time the diversity of 
the forests needs to be maintained. This is particularly difficult because of the lack 
of knowledge about most species and their role in the whole ecosystem. 
One approach to help solve this problem is to generate information about 
how to regenerate the commercially valuable species in natural forests. Six 
aspects of the ecology and management of mahogany (Swietenia macrophylla 
King) regeneration in Quintana Roo, Mexico were studied: 1) the effect of partial 
overstory removal on natural regeneration, 2) the development of a thinning 
simulation program, "ThinSim", and its application to pretest thinning practices, 3) a 
comparison of four methods to kill trees for partial overstory removal, 4) the survival 
of mahogany seedlings one year after a partial overstory removal, 5) the growth of 
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some tropical tree species three years after a partial overstory removal, and 6) the 
sprouting capability of seventeen tropical tree species. 
A study was initiated in 1986 In which five 0.5 ha plots were subject to 
different levels of overstory removal. The regeneration that came in after the 
removal and the growth of the residual trees was studied for three years. 
Overstory removal encouraged natural regeneration of light demanding 
species, such as mahogany and other valuable species. Although overstory 
removal also had a positive effect on the regeneration of currently, less valuable 
species, an increase in the number of seedlings of mahogany and other valuable 
species is important because it increases the potential value of the forests, which 
should help ensure their continued existence. 
In Quintana Roo the single commercial species is mahogany; however, 
presently there is no system to ensure its regeneration. The present rate of 
harvesting is one mahogany per hectare because it is difficult to find harvestable 
trees. If this can be increased to five to ten trees per hectare by implementing 
efficient regeneration methods, this would represent a significant increment in the 
productivity of the forest and the benefits attached to it. Although this was a 
preliminary study, the study provided information about how the species responds 
to overstory removal, and more detailed studies can be established. 
Overstory removal is a very common silvicultural practice, it is used for many 
purposes. However, the architecture of tropical forests makes field work more 
difficult than in temperate forests. Thus, the selection and distribution of trees to be 
eliminated is not an easy task. A program that simulates overstory removal was 
developed to help evaluate different overstory removal strategies. This program 
was developed as a result of the complications and problems generated during the 
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planning of a regeneration study that involved overstory removal. It was 
successfully used to design the mahogany regeneration study described in section 
four of this document. 
Overstory removal requires that some trees be eliminated. Because of the 
current lack of a market for many of the species that need to be eliminated, the use 
of herbicides and girdling are generally recommended because the process is 
relatively inexpensive. Based on a study that compared four methods of killing 
trees for partial overstory removal, girdling is recommended because it was almost 
as successful as herbicides. Girdling is also safer for the people of the area 
because they are not really aware of the implications of using poisonous 
chemicals. Also, safety equipment is not available in this region, and if it were, it is 
very uncomfortable to wear under the climatic conditions of the tropics. However, if 
faster results are needed, Esteron 47 was the most effective to kill dicotyledonous 
trees, while BanveKDCST was the most effective for killing palms. 
Different levels of overstory removal were performed on 25 0.2 ha plots 
which were then seeded with mahogany seeds. The average germination was 
44%, and the average survival of the germinated seeds was 77%. During their first 
year of existence, mahogany seedlings did not show a clear response to 
understory light levels. However, a clearer response is expected in the next few 
years. An important aspect of this study is that it shows the possibility of enriching 
poorly stocked mahogany forest areas by direct seeding. This is not a new 
discovery, mahogany seeding has been successfully used in Puerto Rico, but it 
had not been previously explored in Quintana Roo. 
Overall growth of five 0.5 ha plots and growth of 30 tree species were 
recorded three years after an overstory removal. The five plots grew an average of 
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2 m2 of basal area in three years. Tree growth by diameter class showed a very 
low correlation with the level of overstory removal. This is a very preliminary study, 
so the results need to be interpreted cautiously, especially because of the lack of 
information about the age of the trees and the amount of time they had been 
suppressed. This is, however, the only information available about the growth rate 
of the species studied in natural forests. Thus, with reasonable discretion, the 
results can be used as a reference until better information is generated. 
While carrying out the overstory removal/natural regeneration study (fourth 
paper), the number of sprouts from some of the trees that were cut down were 
recorded. Firewood, construction materials, edible fruits, and forage are among the 
different uses of the seventeen tree species observed. This information can be 
very useful in managing the forest, by coppice methods, for products other than 
timber. Not all the problems of managing the tropical forests should be related to 
timber, which generates cash for people of the area. Other types of activities in the 
forest can generate products that help people to live better. Producing non timber 
goods in the tropical forests can have a significant impact on women's and 
children's lives because they are involved in domestic activities. For example, a 
firewood supply close to their homes or villages can make a positive difference on 
the people's lives. 
The results obtained from these six studies are not final or conclusive; 
however, they can have important implications in the current way the tropical 
forests of Quintana Roo are being managed. Some of the implications are listed 
below. 
1) overstory removal seems to be a very useful silvicultural treatment to 
regenerate the forest with valuable tree species. 
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2) overstory removal by killing trees offers several advantages over cutting and 
leaving them in the forest. This includes reduction of root competition 
because sprouting is inhibited, a gradual increase in understory light levels, 
and easier future access to the site without logs lying on the forest floor. 
3) restocking with mahogany can be achieved by seeding, which reduces the 
costs of enrichment and opens the possibility of treating larger areas. 
Currently enrichment with mahogany, when done, is carried out by planting 
seedlings produced in nurseries. 
4) growth rates are probably lower than those currently used by the forest 
managers in planning harvest intervals, thus a change is needed in these 
practices. 
There are many remaining options that need to be tried to successfully 
regenerate mahogany in the tropical forests of Quintana Roo, including 1) control of 
the overstory to generate the light levels that favor mahogany, 2) control of the 
understory vegetation that represents competition to mahogany, and 3) 
identification of mahogany trees with good characteristics to control the quality of 
seed source. 
Further suggestions for additional research are listed below. 
1 ) Liberation of mahogany trees to use them as a source of seed to stock 
the stand before it is harvested. 
2) Combination of both overstory density to create conditions for mahogany 
establishment, and control of understory vegetation by different methods 
(fire, herbicides) to control competition. 
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3) Seeding mahogany in the gaps created by the cutting of trees to make 
railroad ties. Cutting forties is a very extensive activity in the region. The 
seeding can actually be done by the same people that cut the trees. 
4) Enrichment of mahogany-poor stands by direct seeding, including 
secondary vegetation areas, such as old agricultural fields, hurricane, 
and fire affected areas from 1988 and 1989, respectively. 
5) Liberation of mahogany (if present) and important species in secondary 
vegetation stands to transform them into a commercially valuable 
resource. 
6) Nursery studies to better understand the response of mahogany to 
different light levels and soil types. 
7) Ecological studies to understand the role that liana vegetation plays in 
mahogany establishment and growth during its first years of existence. 
Liana is a very common and aggressive life form in the tropics, that 
usually establishes on full sun open site conditions. Mahogany 
seedlings are poor competitors of lianas. 
8) Prepare for the future by Initiating studies of the ecological characteristics of 
other species with potential commercial value, such as, Enterolobium 
cyclocarcum, Dendropanax arboreus, and Metopium brownei among 
others. 
117 
LITERATURE CITED 
Anderson, M. C. 1970. Interpreting the fraction of solar radiation available in forest. 
Agric. Meteorol.7:19-28. 
Ashton, S. P. 1981. The need for information regarding tree age and growth in 
tropical forests. Pages 3-6 in F. H. Borman and G. Berlyn, eds. Proceedings 
of the workshop on Age and Growth rate determination for Tropical trees. 
Yale University, New Haven, CT. 
Alvarenga, S. 1988. Morfologia y germinaciôn de la semilla de caoba, Swietenia 
macrophylla King (Meliaceae). Rev. Biol. Trop. 36(2A);262-267. 
Barrera, A., A. Gômez-Pompa, and C. Vâzquez-Yanes. 1977. El manejo de las 
selvas por los Mayas:Sus implicaciones silvicolas y agricolas. Biôtica 22(2) 
:47-61. 
Bridges, E. M. 1970. World Soils. University Press, Cambridge. 128 pp. 
Briscoe, C. B. 1962. Mediciôn del crecimiento de los arboles en los bosques 
tropicales. Caribbean Forester Vol 23(1 ):15-20. 
Brokaw, N. V. 1980. Gap-phase regeneration in a neotropical forest. Ph. D. 
Thesis. The University of Chicago, Chicago Illinois. 175 pp. 
Budowski, G. 1956. Sistemas de regeneraciôn de los bosques de bajura en la 
America tropical. Caribbean Forester 17(3-4):53-75. 
Budowski, G. 1965. Distribution of tropical American rainforest species in light of 
successional processes. Turrialba 17(3-4):40-43. 
Budowski, G. 1982. The socio-economic effects of forest management on the lives 
of people living in the area: The case of Central America and some 
Caribbean countries. Pages 87-102 in E.G. Hallsworth ed. Socio-economic 
effects and constrains in tropical management. John Wiley & Sons Ltd. New 
York. 
Carnegie Institution of Washington. 1936. Botany of the Maya Area. 
Miscellaneous papers (l-Xlll). Publication 461. Carnegie Institution of 
Washington, Washington, D.C. 328 pp. 
Carnegie Institution of Washington. 1940. Botany of the Maya Area. 
Miscellaneous papers (XIV-XXI). Publication 522. Carnegie Institution of 
Washington, Washington, D.C. 474 pp. 
Chavelas, P. J. 1976. El campo Experimental Forestal "San. Felipe Bacalar". 
Ciencia Forestal. 1(3): 65-74. 
118 
Chavelas, P. J. 1987. Caracterfsticas ecolôgicas de los ârboies forestaies de valor 
econômico en el trôpico Mexicano. Pages 134-137 in Proceedings of La 
conferencia Internacional y reunion de trabajo evaiuaciôn de tierras y 
recursos naturales para la planeaciôn nacional en la zonas tropicales, 
Chetumai, México. 
Clay, J. W. 1988. indigenous Peoples and Tropical Forests; Models of land use 
and management from Latin America. Cultural Survival Inc, Cambridge, 
Mass. 116 pp. 
Congress of the United States. 1984. Technologies to sustain tropical forest 
resources. Congress of the United States: Office of Technology 
Assessment, Washington, D. C. 344 pp. 
Devoe, N. N. 1989. Differential seeding and regeneration in openings and 
beneath closed canopy in sub-tropical wet forest. Ph. D. Thesis. Yale 
University, New Haven, Ct. 307 pp. 
Edwars, R. C. 1986. The human impact on the forest in Quintana, Roo, Mexico. 
Journal of Forest History (30):120-127. 
Ferguson, D. E., and D. L. Adams. 1980. Response of advance grand fir 
regeneration to overstory removal in Northern Idaho. Forest Sci. 26(4):537-
545. 
Flores, S. H. 1963. Notas dendrôlogicas para el estado de Campeche, Mexico. 
Caribbean Forester 24(1 );22-33. 
Foggie, A. 1960. Natural regeneration in the humid tropical forest. Pages 1941-
1946 in Proceedings of the Fifth World Forestry Congress. University of 
Washington, Seattle. 
Foth, H., and J. Nschafer. 1980. Soil Geography and Land Use. John wiley & 
Sons Publishing Company, New York. 484 pp. 
Fox, J. E. D. 1976. Constraints on the natural regeneration of tropical moist forest. 
Forest Ecol, Manage. 1:37-65. 
Gentry, A. H. 1988. Tree species richness of upper Amazonian forests. Pages 
156-159 in Proceedings National Academy of Science 85 th meeting. 
Gill, D. E. 1978. On selection at high population density. Ecology 59:1289-1291. 
Gômez-Pompa, A. 1987. On Maya silviculture. Mexican studies 3(1). Regents of 
the University of California, Berkeley. 17 pp. 
119 
Gômez-Pompa, A., J. S. Flores., and V. Sousa. 1987. The "Pet Kot": A man made 
tropical forest of the Maya. Interciencia 12(1 ):10-15. 
Gonzalez, G. A. 1941. Introduccion ai Estudio de los Sueios. Banco Nacional de 
Crédite Agrîcola, Mexico. 484 pp. 
Gordon, W .A. 1960. Forest management in the Caribbean. Pages 2047-2049 in 
Proceedings of Fifth World Forestry Congress, University of Washington. 
Gutierrez, J.T. 1951. Notas sobre trabajos de repoblaciôn artificial de caoba y 
cedro en el estado de Campeche. Chihuahua Boletin Forestal. 3(35):30-
31,35. 
Hadley, M. 1986. Trends in tropical land use. Pages 1-7 in M, Hadley, ed. 
Rainforest regeneration and management. Report of a workshop, Guri 
Venezuela. 
Hallsworth, E. G. 1982. The human ecology of tropical forest. Pages 1-8 in_E. G. 
Hallsworth, ed. Socio-economic Effects and Constraints in Tropical Forest 
Management. John Wiley & Sons, New York. 
Hartshorn, G. S. 1980. Neotropical forest dynamics. Biotropica. 12(Suppl):23-30. 
Helms, J. A., and R. B. Standford. 1985. Predicting release of advance 
reproduction of mixed conifer species in California following overstory 
removal. Forest Sci. 31(1):3-15. 
Holdridge, L. R. 1940. Preliminary notes on the silviculture of the big-leaf 
mahogany. Caribbean Forester Vol 2(1):20-23. 
Holdridge L. R. 1947. Determination of world plant formations from simple climatic 
data. Science 105(2727):367-368. 
Hutchinson, I. D. 1986. The management of humid tropical forest to produce 
wood. Pages 121-155 in J. C Figueroa, F. H. Wadsworth and S Branham, 
eds. Management of the forests of Tropical America: Prospects and 
Technologies. Proceedings of a conference. Institute of Tropical Forestry, 
San Juan Puerto Rico. 
Hutchinson, I. D. 1987. Improvement thinning in natural tropical forests: Aspects 
and institutionalization. Pages 113-133 in. Mergen and J. R. Vincent, eds. 
Natural Management of tropical moist forests: Silvicultural and management 
prospects of sustained utilization. Yale University, New Haven CT. 
Jackson, L. W. R. 1959. Relation of pine forest overstory opening diameter to 
growth of pine reproduction. Ecology. 40(3):478-480. 
120 
Jacobs, M. 1987. The Tropical Rain Forest. Remke Kruk, editor. Springer-Verlag, 
Berlin. 295 pp. 
Jenkins, M. W., and J. L Chambers. 1989. Understory light levels in mature 
hardwood stands after partial overstory removal. Forest Ecology and 
Management. 26:2247-256. 
Laacke, R. J., and G. O. Fiddler. 1986. Overstory removal: Stand factors related to 
success and failure. US Department of Agriculture Forest Service Pacific 
Southwest Forest and Range Experimental Station Research paper PSW-
183. 6 pp. 
Lamb, F. B. 1959. A selected, annotated bibliography on mahogany. Caribbean 
Forester 20:17-37 
Lamb, F. B. 1966. Mahogany of Tropical America: Its Ecology and Management. 
University of Michigan, Ann Arbor. 220 pp. 
Logan, K. T. 1965. Growth of tree seedlings as affected by light intensity. Can. 
Dep. For. Publ. 1121. 16 pp. 
Mariaux, L. 1981. Past efforts in measuring age and annual growth in tropical 
trees. Pages 20-30 in F. H. Borman and G. Berlyn, eds. Proceedings of the 
workshop on Age and Growth rate determination for Tropical trees. Yale 
University, New Haven, CT. 
Manzanilla, H. 1988. Necesidades de informaciôn para el manejo adecuado de 
las tierras forestales tropicales de Mexico. Pages 61-67 in H. G. Lund, M. 
Caballero-Deloya, R. Villareal-Canton, eds. Land and resource evaluation 
for national planning in the tropics. Proceedings of the international 
conference and workshop, Chetumal, Mexico. 
Myers, N. 1986. Tropical forests: Patterns of depletion. Pages 9-22 in G. T. 
Prance, ed. Tropical rain forests and the world atmosphere. Westview 
Press Inc, Boulder, Colorado. 
McGee, C. E. 1968. Northern red oak seedlings growth varies by light intensity and 
seed source. USDA Forest Service. Southeastern Forest Experimental 
Station (Asheville, North Carolina) Research note SE-90. 4 pp. 
Negreros-Castillo, P and R. B. Hall. 1991. Comparison of four methods for partial 
overstory removal in tropical forests, Quintana Roo, Mexico. Short 
communication to be submitted to Forest Ecology and Management. 
Negreros-Castillo, P., and R. B. Hall. 1991. Partial overstory removal to increase 
initial mahogany {Swietenia macrophylla ) seedlings establishment. Paper 
to be submitted to Journal of environmental management. 
121 
Negreros-Castilîo, P. 1991. Effects of partial overstory removal on the natural 
regeneration of a tropical forest in Quintana Roo, Mexico. Paper to be 
submitted to Forest Ecology and Management. 
Negreros-Castillo, P., and C. W. Mize. 1991. Development of a thinning simulation 
program "ThInSim" to evaluate different overstory removal strategies for 
experimental design. Paper to be submitted to Journal of environmental 
management. 
Oldeman, R. A. A. 1978. Architecture and energy exchange of dicotyledonous 
trees in the forest. Pages 535-560 jn P. B. Tomlinson and M. H. 
Zimmerman, eds. Tropical Trees as Living Systems. Cambridge Univ. 
Press, Cambridge, England. 
Pennington, T. D., and J. Sarukhân. 1968. Arboles Tropicales de Mexico. 
INIF/FAO, México. 413 pp. 
Peralta, R. 1989. Forests are not just Swiss cheese: Canopy stereogeometry of 
non-gaps in tropical forests. Ecology 70{3):550-552 
Richards, P. W. 1952. The Tropical Rain Forest: An Ecological Study. Syndics of 
the Cambridge University Press. New York, N.Y. 450 pp. 
Rzedowski, J., ad G. C. Rzedowski. 1989. Transisthmic Mexico (Campeche, 
Chiapas, Quintana Roo, Tabasco and Yucatan). Pages 270-280 in D. G. 
Campbell and H. D. Hammond, eds. Floristic Inventory of tropical countries. 
The New York Botanical Garden, New York. 
Salmien, P. H., Kellomaki, S., Korpilahti, E., M. R. Kotiranta, and Sievanen. 1983. 
A measuring system for estimating the frequency distribution of irradiance 
within plant canopies. J. Appl. Ecol. 20:887-895. 
Serevo, T. S. 1960. Silviculture of tropical rain forest with special reference to the 
Philippine Dipterocarp forest. Pages 1985-1994 in.Proceedings of the Fifth 
Worid Forestry Congress, University of Washington, Seattle, Washington. 
Singh, K. D. 1981. Inventory techniques and mensurational methods to 
determinate the age and growth rate of tropical trees. Pages 121 -127 in F. 
H. Borman and G. Berlyn, eds. Proceedings of the wori(shop on Age and 
Growth rate determination for Tropical trees. Yale University, New Haven, 
CT. 
Smith, D. 1986. The Practice of Silviculture. 81b. edition. John Wiley & Sons. New 
York. 527 pp. 
122 
Snook, L 1989. The search for sustainable tropical silviculture: Regeneration and 
growth of mahogany after disturbance in Mexico's Yucatan Forests. Tropical 
Resources Institute News. 7:3-5. Yale School of Forestry and 
Environmental Studies, New Haven, CT. 
Sousa, S. M., and C. E. F. Cabrera. 1983. Flora de Quintana Roo. Pages in 
Listados Floristicos de Mexico. Institute de Biologia, UNAM, Mexico. 
Southern Lumberman. 1925. Mahogany logging in Mexico and British Honduras. 
Southern Lumberman 119(552):44. 
Standley, C. P. 1930. Flora of Yucatan. B. E. Dahlgren, ed. Publication 279. 
Botanical Series. Vol. Ill, No. 3. Field Museum of Natural History, Chicago, 
111. 492 pp. 
Stevenson, D. 1927. Silvicultural treatment of mahogany forests in British 
Honduras. Empire Forestry Journal 6:219-227. 
Stringfield, V. T., and H. E. LeGrand. 1974. Karst hydrology of northern Yucatan 
peninsula, Mexico. Pages 26-44 in A. E. Weidie, ed. Field seminar on water 
and carbonate rocks of the Yucatan Peninsula, Mexico. New Orleans 
Geological Society, New Orleans, La. 
Swaine, M. D., and. J. B. Hall. 1988. The mosaic theory of forest regeneration and 
the determination of forest composition in Ghana. Journal of Tropical 
Ecology 4:253-269. 
Tamayo, J. L. 1981. Geografia Moderna de Mexico. Editorial Trillas, Mexico, D. F. 
400 pp. 
Tracey, J.G. 1983. The development of synecological method for classification of 
rain forest and implications for their management. Pages 229-242 in K. R. 
Shepherd and N. V. Ritcher, eds. Managing the tropical forest. The 
Australian National University. Australia. 
Unmubig, B. 1988. Plundering the rainforest. Position paper by the Greens. 
Leppelt, Bonn. 6 pp. 
Wadsworth, F. H. 1947. The third year in the Cambalache experimental forest. 
Caribbean Forester 8(3):203-207. 
Wadsworth, F. H. 1965. Tropical forest regeneration practices. Pages 3-29 in 
Proceedings of the Duke University Tropical Forest Symposium. 
Whitmore, T. C. 1975. Tropical Rain Forests of the Far East. Clarendon Press, 
Oxford, England. 
123 
Wolffsonhn, A. L A. 1961. An experiment concerning mahogany germination. 
Empire Forestry Review 46:71-72. 
Wolffsonhn, A. L A. 1967. Post hurricane forest fires in British Honduras. 
Commonwealth Forestry Review 46:233-238. 
Yoda, K., M. Nishioka, and P. Dhanmanonda. 1983. Vertical and horizontal 
distribution of relative illuminance in the dry wet seasons in a tropical dry-
evergreen forest in Sakaerat, NE Thailand, Jpn. Journal of Ecology 33:97-
100. 
Zerbe, J.I., J.L. Whitmore., H E. Wahlgren., J.F. Laundrie., and K.A. Christophersen. 
1980. Forestry activities and deforestation problems in developing 
countries. Report to: Office of Science and technology development support 
bureau agency for international development. 194 pp. 
124 
ACKNOWLEDGMENTS 
At this moment of my life and academic accomplishment there are many 
people to whom I would like to express my deep and sincere gratitude because of 
their important contribution in helping me to achieve this goal. I think in this 
moment not only of those that helped me to complete this particular work but also of 
those that actually guided me into the fascinating world of learning and the beauty 
of forests. 
I wish to express my very sincere thanks to my mother, Esperanza Castillo, 
who not having had the opportunity to get a formal education sprinkled me with 
some of her immense love for learning. I wish to thank Laura Snook, friend and 
colleague, who with wisdom and knowledge introduced me to the beauty of forests 
and taught me to love them. 
My most sincere appreciation and thanks go to my major professor, Dr. 
Richard Brian Hall. I wish to thank him for his remarkable guidance, support, 
sensitivity, consideration, and encouragement during my four years of graduate 
studies at Iowa State University. A field trip to Puerto Rico and conference at Yale 
University were possible because of his moral and financial support. His visit to my 
plots was of great help and an indication of his interest in my work. 
Drs. Glenn-Lewin, Sandor, Shultz, and Wray, members of my study 
committee, supported me with enthusiasm and gave me many opportunities to 
have fmitful discussions. I wish to express to them my sincere gratitude. The lack 
of words do not allow me to express faithfully my very profound appreciation and 
gratitude to my dearest husband. Dr. Carl Wesley Mize. His thoughtful help on all 
the statistical procedures and constant support through all the time I have 
125 
committed to my graduate studies highlighted my life and made the experience 
more enjoyable. Biol. Javier Chavelas Polito is a very knowledgeable person of 
the tropical forest of Quintana Roo who is always willing to help and support 
anybody interested in that part of the world. Special thanks to Emily, Jeremy, and 
Matthew Mize for their patience and serious working for many hours entering data 
into the computer and even showing interest in what I was working on. Their help 
was extremely valuable to me. 
Finally, I want to express my thanks to Mexico's National Institute for 
Research in Forestry, Agriculture, and Animal Husbandry (INIFAP) for providing me 
with a scholarship that allowed me to join graduate school at Iowa State University. 
I also very much appreciate their help and support that allowed me to carry out my 
research through their station at San Felipe Bacalar, Quintana Roo. 
My sincere gratitude to Noe Lopez and Ing. Juan Carlos Escoto Prado that 
helped me a lot with a substantial part of the field work at X-Hazil. Sincere thanks 
also to Mrs. Santiago, Sirilo, Ramon, Caludio, Gilberto, Ruperto, Porfirio, and 
Adolfo, great field assistants of the forest research center "San. Felipe Bacalar". 
Without their help I never could have completed the field work. We enjoyed many 
hours of work and leisure together (called by others work) in the tropical forests of 
Quintana Roo. ' 
